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> 
lb 

iP 

sf 

ŷ A-ee S>lt-

2.7 

iP 

sf 

iP 

sf 

iP 

sf 
'•%i 

iP 

sf 
ViE/ty hEfeS <syZ£YFJU* £ i<î f O " ic5 
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3>£>Ĉ I> uj/jrt Tb L7J ... .._ .- M 
(*>• HAM/frX 3r)"FAlxJ .».•««• £ud-CnM £ 

. ' CO 

IHtIT ^ Qp 



roftw 104 IIMVtCKI INWeKAiKW 

LOG OF BORING t"IIT / O' 

mmojtci _ 
CLCVATION 

V/MEi-ANT) Ch/EAtfCA-L CtD. ^fTE~ 

(?-%-% 7 

OWC 0 HNS.. 
H*S. 

onocn no. " 2̂30 *3/3 
BONING no. ̂  ̂ ' ~ZZ> 

Cr,~!Q'27 »i»lb iNCiNtm 7̂7Ai S772,tC/AÛ bl2) 
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>r 

5? 

5? 

5P 

7~ 

>r 

5? 

5? 

5P 

.* 

S~o 

>r 

5? 

5? 

5P 

1/&IY 7>&0sF 6/2*0**, r*£J*r EnJ7-2>-Sol3rt6-2j: 
E? 

>r 

5? 

5? 

5P 

P/A)£ SM>277KM€. CD/tfZ*E 
J 

y— 

>r 

5? 

5? 

5P 

SfrSh ! 

-5-S , /N 7>EKOSB. , , Aie&SAgb !EoU72> -SS 
w 77b/J L.T> c^tey cU^i 1bA*$L 

A 
y3-

A-rdr̂ . 
< H 2! 
C C 

I t  .  ^  /  *  i t .  .  .  «n) A ̂  • M 1 
/ t / r j i * - —  "  «" —s» fc> XT _ < ? —  

AfC (b- tifirUMEA in" f-fiaZ f**- ^A/-*7^ q 



LOG OF BORING 
t H C C T  ±. 

RAOJCC1 _ 

CLCVATIOM 

VWEtA M2> CH£TMfC4L~ Ccf'SiTE 
C*L 0 MAS.. 

MAS 
OA OCA MO. <3^3 
•OAINO MO. tjj * *7^ 

OATC CQMALCTC 6-7X-87 SlILP CMCIMCCA V/ /Aj S~7%VCJ^LAkEfr 

?: 
MMM see 
gkUO »*U 
hi 

s: 

5* 
I! 

> xl 
*1 
•* M K 

OCSCAIATION 
* *1 CM-Z 
8«;S 

'1 
•5 

«• 
© . 
Q 

WAT(«IAL CLAM*riCAT«©M 

m 
*5 82 
•o c 

ft* % 
6$ 

K 

ML 

JjL 

III 
sz. 

7G 

HL 

20 
"W 

sz a? 

&5" 

3 /2 

% 

y 

%F 

MEJ>HW 7>£tfS>£' MEP-PHCE 

g/teU/tJ THtUUr^G.. 

O ^ Y A - T 0 * / ' .  

irr. &n£.y a-AVSoyit &vr 

{&. ypjiy 

5>AiJ2>. 7n/HL CdWISf 

QWb*e, r$AVt& LA*T77 

0,-4'M£t)/i/rt 3>&OS.£-t ~Z>AflK. 

Gfif-jf ClAy ov&L 0, (t'LT. 

6yl, ov&t o,S^Q1.&L 

^ / / yb $MJ2>, 

/SA. l>EVS£L,&toiVN, sAtib, 

7%ac£ un a&ev CiAV. 

~BEftS£. , grt/h*}, *Ejb. S/Hjb 

&J7}-6oAe>rtS-&<-

eu} 7P -65 

£hJ?D -yakm-rfcr 

/E/t/7 2^-73 

£k/72>-frfa/lA-Z1 

zu/72) -<zc; 

< M Zl 
o o 

ACMAARS. MM,cf. A<( #J(* • <jSA To 23' 3"Mad UTM-H Fo , £ 
141 /ft • rffiMAieyi Zn' iFALJ- ' OOAIMC MQ._ ^ 



CBASCO SERVICES INCORPORATED 

LOG OF BORING 
IHCC O-

PROJECT V/K)ELAAJJ> CHEM/Ĉ L. CO, St 77ET 
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t>lk uk*. £̂2>-ĥ £- rfl.vit ojlcs?/̂  -zj-
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f i "  IOK<*Oll DUIMETIA 

TT« 0' lACKIIU-

III VATlOtt / OlATM TO* 0* UAL: 
tt*i o* »iai- . /?gr-*twrs 

AL 
PLUU 

Ol*tm TO* 0' UHD RACK: 
lit VATlOM / Dt *TH TO* 0» MAIM: 
TVMOIKAIIN Vo PTC 

7 '  

-21 

MOT 131 • LIWOTM: 
lOOTKAtlN 

O- 02 o 

tt*io»iawo*ac« bllact. »11kq 

• uivatiON/OI*tmAOTTOMO»»CAIUI. 
Ill VAYlO* I Dt*r« IOTTOV 0* UNO PAR; Tf*l 0* laca'ui ItlOMrOIStAvATlOA **"• aaask 1 
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VINELAM) CHEMICAL COMPANY SITE 

~ /od 

OVCMURDIN 
MONITORING WELL SHEET 

moiirr mcne* 
t*0ilc1hol?acef 
ILIVAT^M_ _ 
HUD Cf OlOGttTA • ASCJJm. 

iqcatifth uk*rin a«*t 
lonmr. fw->*» 
bati — 

( 

<t*ro# ©•oil* 
PRlllINC mtthoo *"** f'n/'v (f >>") 
PIVtlONMNT mi1moo££!£. ̂s^/2<^£: 

lllVAtiON 01 to* Of tUMACI CASINO: 
lltVAtiON Of 10* Of A<SM *1*1: 

StiCC-U*10*0f f V*f AC! CASINO' stic«.u»*im*»i: 

10 Of lutf AC! CASINO'_ 
1**i Of SuMACI CASINO. J r c r t _  

«!S!**i*flO 
UN Of m»*i»f JCM *C Psrr 

• or(«olt oiamhift "7 %r " 

ty*i 0' • ackflll' few i it .(.mqyx ^ 
III VATlON / 0t*tN to* Of UAL: 
Tt*l 0» SIAl: _ 
0(*TH tO*Of SANO*ACK: 

III VAtiON / 01 *TM 10* Of SCKCIN: 
T*N Of SCMIN JC/» *6 

HOt S«| • ltNCT»i^20| f i 'Ltytt-

10 OfSCRIlN 

1*n 0» sano*aci' fwra/-

IUVAtiON/OI* tMOOttOMOf SCUM. 

Ill VAYlON f OI*tM totiov Of SANO *ACK UN Of 0ACKf«i tllO*OOSUWTOON 
Will'  * '  * A "D 

- lllvatonfdinmof nou 

3' 

— - 1**1 Of SUtfACI SIAl'  «!*»r c*-—-r\T 
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9zf 
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VINELAND CHEMICAL CCMPANY SITE 

»0«iNC WO /O /VI 

OVUIUKDIN 
MONITORING WELL SHEET 

Mftiirr \J\tntv* 
MOJtCTMQ 3  T i c  tr 
(l(VAT»ON. 

( 

r 

htlpof olooot a*"*?.. 

IOC ATION , 
ioaing 7 j—— 
QATf , 

0>iu»». r• 
www '"""irvnrr 
2xxll*!s£ 

CtOUND 
lllVATiON * •r-9* - « -

«-

1 
m 

.yy..'.««— 

UtvATiON 0' tO» or SuKlACt CASING: hcvation or to» or uui p#t: 

STICK • y» T0» 0» lURUM CASING: 
STICK-yr AlSUHPI: 

TYPi or SUMACI MAI 

10 or suir am casing —4_— 
WJ 0' SuMACI CASING, /r^v 

1" 

t*h 0' am i ml- sit-tc pt i 

lOmxOll OlAMITIK 

mi 0' lACcriu-. • f-ziwlt-
cvmrwr/ fluimih 

(If VATON / OIWN W 0» MAI: 
, TTH or SCAIA PCIAO-

01 FT * TO* 0' SANO PACK: 

lit vation / OtrtM 10» or icttin: 

ttm or sckttn . fe *vl 

11 
JO 

uotsuliuncth 
10 orsctttN 

/o' 
3 - W  ( Y * )  

• UN or SAND PACK' . 

- titvATiON / OMTH IOTTOM or SCMIN. 

_ htvatlonroiptnsottovorunopack un 0» lactiiu iuo*oist«vaton r - t n -  " > m n  r * '  

-titwATQwrotPTworwOit 
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VINE LAND CHEMICAL CCMPANY SITE 

|0*in6m0 £uJ/o$ 

imojict h**"-IPAOJICT MQ 
(ClCVATlON. 

OVEKBUKDIN 
MONITORING WELL SHEET 

location £jdll£. 
tO*'NG 
oat( -i6- " b l 

i hi ip 01 oloqist T -T-

( 

6«0un0 . 
UlvATiON 

i-

/0i 

tel. 

otiuwo. ^ 
uttllod'?* ,r*- **rfa 
2£s$$<'+*uuif. 

• lit VA'O* 0» ie» 0» fUft'ACt CASINO: iii vaitoh ono» o» *»ia hh: 
»tK(-U»T&»0» SUt'ACI CAUNC: • iki-u' www: 
Ttri f)Mir**fttT*r fi-F 

JlL 
3=1. 

LIL -10 0' tUl'ACf CASIM6 mi o' iuk'aci caiivc.—2~fes fa 

4" •Utl'itlO 7 • i- t)l tv^l 0* aisi* '"i f tp i i 

•ohMOiIOiAMITIK —U 

• TTHO'tAKMU* — 
l .o '  ' III VATON IOWN W 0» MAI: 

»Wt 0» MAlr Affcffao m P**-k£I.S 
— — 3 ' 

• DIMMTO»0*SANO*AC*: 

•|UVAIlONlDCnMlO>0»SCTItN: 
• T Tmoucmi" . sch (>vc 
UO'LSI• UN6TM: 

i f "  10 0» SCTHN JL 

_±1 

3 -  { - 1THQI UNO PACT-

' HtVATONI DIMM OOHOM 0» ICTUS. 

• fit vA^iO* 101 MM 10" QV 0'UND_>ACK: 
tdi pi i^^y^'io1* 
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VINELAND CHEMICAL CCMPANY SITE 

DOtiNC NO 
m£U)-tf N) 

OVERBURDEN 
MONITORING WELL SHEET 

( 

Mftitrr V/C^rM 
PROJECTMQ 4*3 C» .TlJ 
ELEVATION 
FIELD CIOlOOiST. sass*. 

LOCATION , bqring-Y^-^n 

GROUND 
lllVATlON 

4T 

r 
E: 

?«-

0 1 4 9 « 0 h « 4 b 
1 
5 

~1 

S$! v«';'/ 1 

oaiuia. 

mi xlrod MtTHOD 
OfvtiO* 
MITNOD 
MvtioaMINT tumf t-siimje. 

IUVATION 0' 10>0' SuarACl CASING: 
lit VATION or 10* or AIMR *#t: 

STICK • U» T0» or SuatACI CASING: 
STiCK-u'RiliaftAI: 

w» or suarACl HAL C^MSaJt 

ID or suarACl CASING' 
TTN 0' SuRfACI casing. jl 

I t  

stcf.l 

• OaiHOll DIAMITIR jl 

Tvat or lACKNU- w*>*r 
III VATiON /OtriM T0» or HAL: 

je>3t6rtit£ miOTSIAl: 

DirtwTOr or SAND RACK: 

' iitvaton/ocnntoaorsaiin 
• tmorscatiN Sfla/- £c> PtfC 

SLOT SOI aUNGTM 

ID or scatiN 

/ 02.0 

yh 
• mi or SAND PACK: ( 

- HtvATON'Dt»THOf«Oll 

V 
2w 

•aista*i*fi0 . 
tm or aisiaaiai: ^ P*' ^ 

6/ 

53' 

ml 

• lllVATlON / OtTTM D0T10M Or SCKIIN. 

• IIIvall0n/dt»t«»0t10m0' sand AACt 
i«n or IACK»AI •iio*oavtavAie* 
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VINELAND CHEMICAL COMPANY SITE 

|0*inc wo £UL)HS> 
OVERBURDEN 

MONITORING WELL SHEET 

mftiirr 
vtcucm 

ELEVATION 

r 

r 

— ioc«tion 
IQHING • rid//'.? 

n P4TI ^*1,1112. 

OtillfttO #HrLr6u> S7&,I 
MITHOO—'T,%faS I 

g.'Sgr 

ItlvATiOH 0' '0» 0' lu«f AH CASIWG: 
llf VATiOta 0> 10* 0* ftOU rot: 

»TiC«. V* TO* 0» »U«'ACI CAStWO: 
tKKVf MIINI: 

- - TYPl Of»U*f AC! MAI- C*»tT 

t-±JZL 

.0 0' W*'ACf CA$(W6'_ vtn o> twuaci catiwo. H sr&l 
u 

«!st« wiwt 10 
TY*l Of U««*i*l 

StSfL 
»OM«Olt DiAMtTta 

mi o» lacrrtu- ' /  etatr 

III VATOM / Ot^TM TO* Of UAL: 

Dl*TNTO*OflAWD*ACK: 

III VATlON / OlfTM TO* Of tCWIN: 

tynofk«!in . 
uotmiiuwctm £o_&*2t 
id ofmmiw — 4" 

TYN Of LAND *AC* ° -̂L 

- !ltVATO»>Ot»f«Of"OL» 

± 
T 

HtVATiON / DI*Tw iOTTOM 0» K*tt*. 

lllVAYlOW»DI*TAtOTTOVO' 1AHD*ACK. 
1Y*1 0* |ACtf«l UlO*OiMIVAT®W 
MU'_ • 
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VINELAND CHEMICAL CCMPANY SITE 

U 
SOtiNC MO 

OVERBURDEN 
MONITORING WELL SHEET 

I 

( 

mqitrr ihutlwo 
mojfctmft 
IKVATION. 
Ml ID C( r>ir%r..tT T.T.a»tUn 

IOCATlON-E±ij[i2L 
io*ino-u£^i3*l_ ftatf (,-3w 

GROUND 
lllVATOM 

i+-

I: 
9 

& 

MtTMOO ^HsLStnJLSSiSfi 
MVIlONMNT- _ _ 

MVATION 0» TO*0' Sut'ACt CASING : IK VATiON or 10* or ItUI >#i: 
STICK. V* TO* or SUKIACI CASINO: 
STICK-U* Kilt* *1*1: 

Tt*| Or SUKTACt UAL* 

• Kill I *1*110 - -
mt 0» Kilt* *1*1 Jc h tic. pjl, 

/ / "  •OttNOLl OlAMITIR 

I. mi or BACKFILL-

• (LtVATlON f 0l*TH TO* 0* SUL: 

• TV*I Or UAL: te**T»Jrrg 

•tt*l0run0*act-

2uhl XSL 
• i0 0'su*racf gaklnb (or 
TT*I or SuMACI CASING 'TWtL 

5 o &  

01*1 M TO* or SAND *ACK: 

• lit VATlON / Ot*TN TO* Or SCAIIN: 

' TT*t 0T SCAIIN ^6 P*c 

slot sat • kngtm b.ozo 
10 orsctllN *f/7 

sj d' 
s%* 

- litVAT(ONrDt*THlOTTOM Or SCRUM. 

- |itVAT«ON>Ot*TMROTTOMOrSAND*ACR: lt>iqt sa^kh^uiqinorttrvat^m 

- |ltvATO*i>Ot*'NO»MOtt 
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VINE LAND CHEMICAL C CMPANY SITE 

»0«ii NCNO 

OVIMUKDtN 
MONITORING WELL SHEET 

igf DHOJICT 
PROJECT NO. 
(KVATION. 
KlDGfOlOGtST-

lls 22. 
tocatlon-evll^. 

6«0UND 
HIVATlON 

*TiC« • UM©» Of tUftf ACI CASM6: - stick-wf 
1t*I Of SUKf*a ualr /FiMgWf 

I 

"1 
»iA—*>r 

vv^i 
—— 

.P. Bfttfr.*>• o»iui*. 

METHOD KijU\ 
wvnonmht ' mitmqpa/af^ f* 

tit VATiOH 0> 10» Of SutfACt CASING: 
tlCVATiON Of 10*Of Mtft WH: 

2&l 
2 > \ '  

ID OfSUEf ACICAf)M6'_ 
WI 0' SuKfACt CASiW&i frr-p.l 

ursteumo 
Tt*l 0' *(St**l*I scb 4-n 

I I '  loiiolldiiwitik 

miofi*ekftu'. _££sfll 

IK VAIlON / OtrtH 10* Of IMS: 

TyH Of SIAtr (r€ . 

Dl*THlO*OflAND*ACK: 

tit VATlON I OtriH 10* Of tCillN: 

TT*t Of SCttIN ZWWPVjL. 

HOI Ml • UNOTN: C>'0^P 

ID OfSCMIN i£l! 

LL 
±l 

' iTPI Of SAWOfACK- u<z*roz{ asAm 

• I it V*T *0*11 Oi*TH DOHOM Of ICtttN. 

• |l|VAT»ON»Dt*THlOTTOMO»lA*lD*AC*: 

- iltvATQ«.»Ot»THOf Hpg 

1*1' j 

S2DL 
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VINELAND CHEMICAL COMPANY SITE 

lotiwc *0 

OVERBURDEN 
MONITORING WELL SHEET 

MQjta —. location ».aiirrnft *+23l.4l? toaino y.ft. 
UIVATION ^ ̂  DATE—U 
nildctoloo'tt 

s: 

/ 

V 

( 

DAlllI* - -1 ^ A c-fddv^\ 

KSEffi*. 
III vATiON 0* T0»or SuA'ACI CASING : 
UtvATiON or to* or AlUA *#S: 

stick -u»to»0» SUAfACI CASING: stick • u* iillinri: 
-4- TYU or SutrACt UAI- ( futs-'OT 

2il 

ID 0'SUAIACICASING — 
tY« or SUAIACI CASiNGi 

/' 

amaaiatld . n , tth 0' aist a *i*i: f\ h ̂  c-

17*" IOAIMOII DIAMITIA 

TY*l 0' IACKIIU-

III VATiON / DIATM T0» 0» UAL: 
mi or SIAl: Ben+ortlJ-e. P!o* 
DIATMTOA 0'SAND PACK: 
IUVATCN / DCATM TO* or SCAIIN: 

TYNOt SCAIIN . SC ^ 3° f>VC 

2 r 

3^/ 
3?' 

o. q2o SlOTSHllUNCTN 

ID Or SCAIIN: ^P/% ' 

TTM or SANDAAOK: &nkph. *!skyj 

I it VATiON r Dt ATM iOTTOM 0» SCAIIN. 

Ill VATION r DC ATM IOTTOV or SAND AACK: 

- lltVATlQN rPIATM Qr MQLI 

51' 
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o 
o 
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VINELAND CHEMICAL COMPANY SITE 

|0*<n6 **0 13s 

OVEMURDEN 
MONITORING WELL SHEET 

MITHQP Via. 
DIVIiOWNNT „ „ 
AUTwQP &*£££ 

mona-^l^^. moitctmo .n.ai.aw 
elcvatlon 

IOCATION io>in6.e,n*j.' l3j5 paohctmp .n.jlm pp«ll*0 iw*i 
illvatlon -p date fit id fitmnriirrt<?lmnv,t---fl 

GKOUND 
IllVATlON 

til vat ion 0' TO» 0' »U«r*ci CASING: 
HIvaiion or 10» or hUl r#t: 

stick • u> to» 0» sunraci casing: mcrunsitrih: 
tym or sueraci mai-JLâ seis. 

-

4 

I 0 0' $U*»ACI CASING _ 
UN or SUMACI CASING^ 

nitinme 
MI 0' USUHN 

IOIENOU OlAMITW 

mi or SAWai- 6vrWJS''*: 1 gr*J 

III VATlON / OirtN TO* 0» SlAl: 

miorstair. _3a >!• *>««p 
DlUN 10» or UNO PACK: 

• iiivatcn/otrihyokorsauin 
• mi or SCtltN 

HOT tat * UMGTM: so SU>T 

ID OrSCKtIN 

• UN or sand pack: ̂  ̂ VTcfifc. 

UIVATON rOINH I0U0M or SCUM. 

HtvATiON I DIUM POTTOV Or SANOMCV: 
UN 0» lACKrm PiiO* OMdvATCfc 

- litvatoarol'tmormou 

_2l 
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VINELAND CHEMICAL COMPANY SITE 

( 

BO«twCOO 

OVEBBUADIN 
MONITORING WELL SHEET 

mqitrr ih flt-l W 
moirctmot ̂3. 5/ • 
tlfVAIlON 
FllLOCtOLOClST. 

I 

tflt ..,w£* 

IOCATlON jf [j"1.. 

•IT 

6A0UND 
IKVATlON 

: * -

1-

E: 

V*,; •' J- . >•••••49 1 1 • 

otillli. h / 

iltlstu* mitww 
v̂ ssie±me. 

IKVATlON Of 10* Of SllAf AM CAUN6: IKVATION 0> 10* Of hut MK: 

STICK • U* TO* Of SUAfAM CASINO: 
|T <K.u* AiS( •*•*!: 

TT*I Of SUAfACt MAI C-EPH^OT 

3.2-CXM-
7-*t 

10 Of SUK'ACI CASING 
IT Pi Of SUAfAM CAHNO 

RLSII *1*11 0 F*^. )<1 JR—~ 
1**1 Of AiSIA»•*!• Sr k ftp PVC.I 

•OKixOK OlAMITIA 

mi of iackiiu 

IK VATON f Di*lH 10* 0* UAl: 

1f*l Of MAI: 

Ol*1ff 10* Of UNOOAOC: 

lltVATON/0l*1«10*0f SOIIN 
wtprc 

22JEfc+ 

JSCs? 
ITMOfSCAIIN* 

SIOT S*l • KNOTM be? Q 

lOOfKAIIN v' 

• IVRI Of SANO*ACA: (s rajc*[ 

IKVATlON I Ot*lH I0T10M Of SCAIIN. 

ItlVATiON f 0(*lMS0110M0f SANOtACC: 
1T*10> |AC*f Ki ll lO* OSS* AVAMON 
T-1I- */ JAAltf 

3£>&*¥ 

£l&t 

- |1|VAT«N f Ot*TM0* NOa 
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VINE LAND CHEMICAL CCM?ANY SITE 

|0«rwg *0 jrn-fc 

OVCKBUKDIN 
MONITORING WELL SHEET 

mojf ct v ' *—( und 
wojirrmq +1lb.3i3 
illvatton 

r 

iocatjon——.—-— 

f if ld ctologot—ussz. 
' bvw11w • j > i j* ji. ___ pati 4/2?,lho. 

CKOlTND 
lltVATlON <i > 

t. 

\ 

IE ©•lut" 
method fa*1****"* 

r**f-

IKVATION 0» 10» or SUMACI CASING: IK VATiON or 10» or IAIK P$H: 
STICK • UK 10* or SUMACICASWO: 
STICK > U' KitlRPlPt: 

-- t»»i ortu»t ap» t*ai• f 

|-

3-0 fet 

ID Or Su«r ACS CASING -
mi or suArACl CASING. ^irt.kil' 

± i' ust * nmo —__ 
mi or »*«»»•»»• ton wpvc 

•OKI "Oil OiAMITSA 

typi or SACKriU' Is r»o 
lit VATION / 0! AT* TO* 0» SUl: 

miorstai: 
• OlATH 10* or UNO PACK: 

• UtVATON/OtPTHlOPOrSCMtN 

' TYPt Of SCKIIN' wtPvc. 

SlOTSOttltNGTM: 

10 Or SCKIIN' 

fl.fi) 20 
i 

IVPIOrSANOPACK' pl 

UtVATiON/DtPTN IOTTOM Or SCKIIN. 

IK VATlON r OIPTM SOTTOM or SANOPACK: mio» 

.tltvaie*'m»'mor«otl 

Z '  

11 
3 '  

if 
19 ' _ 
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VINELAND CHEMICAL CCMPANY SITE 

OVERBURDEN 
MONITORING WELL SHEET 

t/ICHfin MOJICT. 
MOJf CT MO -J? l <-0J 
ELEVATION. 
HI LO Gf OlOG*T.jg<i£tS_ 

10CATI0M-
SORING f^-T.P DAT! «////:, 

cioimo 
IKVATiON — - T**» 01 SUMAC! II At- **>*- rrmwr 

I 

I 

(FTRCM 
orltlmg method /»hp t'/vy 
MVtlMMINT. . , „ 
MITHOO AV f  *  

• IK VATiON Or 10* or tUft'ACt CAHNO: 
IK VATION 0» 10* or uu n*i: 

- STICK.U»TO*or SUMACI CASING: 
' STiCK • u* Kilt »*»*!: 

ID Or SUMAC! CASING _ 
Tr*i or SUMAC! CAS'NC-

RtSIR *i*| 10 _ 
TI*IO» SIS(T*I*( R»>V 

•OMHOKDIAMITIR 7 V 

• Ty*| or IACKIIU' /(u.' .viluni i 
l •) 

• IK VATlON / Dl*TH TO* or HAL: 

• uwftititi. ftu.trs 

9x. 

• OI*TM TO* or UNO PACK: 

' IKVATiON /OC*TH TO* 0* SOUIN 

• TT« or SCUIN TtH t-o r»c'c 

s£ 

j2l. 

StOTSaiiUNOTM 

ID or SCUIN 

0  t o '  

Tr*lO'SAND*ACK 

• IKVATiON I OC*TH IOTTOM 0» SCOttN. 

IKVATTONIDIRIHSOTTOVOR SAND*AR: tt*i or lacir at oho* osttlvaton «*,. m/ jft> 

- IKvATiONrot*THOrMOtl /n < m a 
o 
o 
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VINELAND CHEMICAL CCMPANY SITE 

|0«INC *0 

OVERBURDEN 
MONITORING WELL SHEET 

MftllfT \zulfl-A. 
MOJICT MQ *2 31,373 
IKVATlON. % kf wm v ivt ————•v 
WtDGfOlOOUT 

IOCATION —£k-LL5»L tpiluq s»0- <3»m 
DATE ^-/L-g"? 

OAOUND 
IllVATiON 

' lit VATION 0110» or SUK'ACI CASINO: 
IKvAliON 0» 1©P Of Aiitk *H: 

STICK • g» T0» or SutrACI CASINO: 
' STiCK • U' KiSIA P#f: 

j- tyu ortimractsui-

I*" 

I 

aagw* 

3' 
JLL 

ID 0' SlK'ACICASiNO°_ 
tm or SUMACI CASING. 

JJ2 

KflttPlPlID - yft; 
ViH or AittMiU Tin EC iVt-

IBI[«OLL DUAMITIFT 7% 
•mioriawnr-

•lUvATCNroirrNto»orsui: & 3 

> t*U or SIAl: &£rsro~/TC Pkllcti 

3L' 

- 1VN Or SANDWACE:-^kC8jifc_*U-

|uwation#OI»tNlO«OMOr SAND MR: 
It pi or lACtlui •IiOWOiUKvATON 
wtu_4t&ul±l 

- iitvATiONrOI^MOrMOil 

' OtMHTOAOr SAND PACK: 

• lit VATION / otnn to* or scutN: 

' Wl or SCKIIN jCV go Puc 
uonhtaunctn 0*t2o 
ID or SCUIN 3% 

.£11 

titvATiON/DtrrMSO"OMO»sctttN. fr? 

If 
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00 
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VINELAND CHEMICAL CCMPANY SITE 

•0*iNGNO 

OVERIURDIN 
MONITORING WELL SHEET 

BSC menrrr v/kejĵ j 
MQllfTfclft j 7.-2^8 
HCVATtON filiDGl0i06'ST*7?/y ̂ yrqr 

location———j_ loking 
DAT! 

6A0UND 
IKVATlON 

1 9-
**»' ftt *u»rap» t»ai • pa,4ln-rj-*+-l. 

1-
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APPENDIX F 
GROUNDWATER FLOW CALCULATIONS 

Q = KIA* where K = 294 Ft = 2199 gpd/ft2 
day 

10/19/R7 
Area^, = 36.5' x 1100* . = 40,150 ft2, 
11 = 2 = .0018 

(1000 "4— 0.90) 
= .0018 

Area2, = 39' x 550 1 = 21,450 ft2 

1-2 - / = .0015 
(600 H- 0.90) 

= .0015 

Area3' = 54 ' x 440 ' = 23,760 ft2, 
I3 - o, s = .005 

(90 -r- 0.90) 
= .005 

ql - (2199 gpd/ft2)(.0018) (40,150 ft2) = 158,922 gpd 
q2 - (2199 gpd/ft2)(.0015) (21,450 ft2) = 70,753 gpd 
q3 = (2199 gpd/ft2) ( .005) (23,760 ft2) = 261.241 anrl 

Q Total 490,916 gpd 
11/2/87 
Areaji = 36.5' x 1100' = 40,150 ft2 

11 - 1 = .0017 
(1030 -f- 0.90) 

Area2 = 39' x 550' = 21,450 ft2 
1 2  = 1 = .0015 

(600 -7— 0.90) 
Area3 =  5 4 ' "  x 440* = 23,760 ft2 

J 3  - £L_5 = .0028 
(160 -f- 0.90) 

< 
i«n!?fhAr-eaS may -bS S6en °n the three figures in Appendix F. The * 
iTdth ^1S4-haSS°Cia^e Wlth the area in each direction and the 
"f1S the associate width of each flow path such that it does ° 
not overlap with the flow path from the other 2 areas. ° 

co nj o 
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Ql = (2199 gpd/ft2)(.0017)(40,150 ft2) = 150,093 gpd 
Q2 = (2199 gpd/ft2)(.0015)(21,450 ft2) = 70,753 gpd 
Q3 = (2199 gpd/ft2)(.0028)(23,760 ft2) = 146,295 gpd 

Q TOTAL 367,141 gpd 
1/27/88 
Area^ = 36.5' x 1100' = 40,150 ft2 
X1 = 2.5 = .0018 

( 1260-r 0.90) 
Area2 = 39' x 550' 
1 2  =  2  (900-f- 0.90) 
Area3 = 54' x 440' 
Il= 1.5 

(190 -7- 0.90) 

= 21,450 ft2 
= .002 

= 23,760 ft2 
= .007 

Q1 = (2199 gpd/ft2)(.0018)(40,150 ft2) = 158,922 gpd 

Q2 = (2194 gpd/ft2)(.002)(21,450 ft2) = 94,337 gpd 

Q3 = (2199 gpd/ft2)(.007)(23,760 ft2) = 365,738 gpd 

Q TOTAL 618,997 gpd 

Date 
10/19/87 

11/2/87 

1/27/88 

Total q 
(gpd ) 

490,916 
367,141 

618,997 

AVERAGE Q = 492,351 gpd 

6835b 
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INTRODUCTION 

Field personnel from Ebasco Services Incorporated collected soil samples 

from numerous unspecified locations within the 54-acre 'Vineland Chemical 

Company (ViChem) Site located in Cumberland County, New Jersey. Samples 

were combined in a 5 gallon plastic bucket and delivered to the Hittman 

Ebasco Laboratory in Columbia, Maryland on'july 20, 1987. The composite 

sample was stored in a walk-in cold room at approximately 4°C. 

After an initial chemical and physical characterization, bench-scale 

treatability tests were performed to determine the feasibility of 

removing arsenic from the solid phase. A number of batch extraction' 

experiments were conducted at room temperature (22-23°C) using tap 

water, with and without chelating compounds added, at acid, alkali and 
neutral pH. 

During the treatability work, the scope of the original project was 

changed. The inability of the batch treatments to consistently produce 

solids containing less than 20 mg/Kg total arsenic, and the production 

of relatively large volumes of non-filterable aqueous waste with high 

suspended solids and arsenic content, made further investigations 

unwarranted. Therefore, many of the experiments described in the 

Base-Bid Technical Specifications were eliminated. 

This report summarizes the experimental methods, analytical protocols 

and results of the treatability study performed by personnel from 
Hittman Ebasco Associates Inc. under the direction of Ebasco Services 

Incorporated. The results of the sample characterization analyses, a 

comparison of the efficacy of the extraction agents and an evaluation of 

the effects of pH on arsenic removal from the ViChem soil are presented. 

<C, 
£. 

i —d 



II. SUMMARY OF ANALYTICAL METHODS 

Analyte Method • 

• Aluminum 200.7 (Ref. 2J 

Arsenic 7060 (Ref. 1) 

Calcium 215.1 (Ref. 2) 

Ir°n 236.1 (Ref. 2) 

Total Organic Carbon 9060 (Ref. 1) 

% Solids 160.1 (Ref. 2) 

Particle Size ASTM D422 

t 

REFERENCES 

1. "Test Methods for Evaluating Solid Wastes", EPA SW-846, 3rd 
Edition, 1986. 

2. "Methods for Chemical Analysis of Water and Wastes", 
EPA-600/4- 79-020, 1979. 
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SUMMARY OF RESULTS: SOIL TESTS 

A. INITIAL CHARACTERIZATION (Total ng/Kg) • ' 

Aluminum _ 
Arsenic 
Calcium 
Iron 138 
Total Organic Carbon f ?,ft 
% Solids J;730 

97% 
B. ROOM TEMPERATURE EXTRACTIONS WITHOUT CHELATORS 

soil at pH = 3 38 • * , 
soil at pH = 7 17 tota' arsenic (mg/Kg 
soil at ph = 7 4i 
soil at pH = 12 17 

ROOK TEMPERATURE EXTRACTIONS AT PH - 7 WITH CHELATORS 

;.°!i ti ttoiaiarsenic 

soil with oxalate 44 arsenic (mg/Kg 
soil with EDTA 

C. 

35-

* average (mean) of three separate digestions and analyses 
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IV. DESCRIPTION OF EXPERIMENTS PERFORMED 

Simple batch extraction experiments performed on the ViChem soil sample 

at room temperature (Section III. A-C) were carried' out by combining 

200 grams of undried sample with 200 ml of tap water in a 1L pyrex 

griffin beaker. When chelating agents were added, the following 

compounds were'used in the amounts given below: 

These additions 'resulted in a final concentration of the chelating agent 

of approximately 0.01 molar. Next, the pH of the solution was adjusted 

as necessary with 1 + 1 hydrochloric acid or 5N sodium hydroxide. 

Solutions were stirred on a Phipps and Bird paddle stirrer at 30-40 rpm 

for two hours with periodic monitoring and adjustment of pH. After two 

hours of continous stirring, the solids were allowed to settle for 30 

minutes and the supernatant decanted. Retained solids were washed three 

times with tap water to remove any .residual reagent and submitted to the 
lab for analysis. 

Chelator Grams Added per Beaker 
sodium citrate 

sodium oxalate 
1.03 

1.13 

0.46 tetrasodium EDTA 

2. 
o o 
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DISCUSSION OF RESULTS 

The composite soil sample is a dark brownish-grey, medium grained sand 

with visible organic matter present. One problem, typical of such sandy 

soils, was in obtaining a representative homogeneous subsample from a 5 

gallon bucked filled with many Individual soil samples.collected from 

the ViChem Site. Once recognized, this problem was minimized by 

repeated manual mixing followed by collection of a large (2 Kg) 

subsample which was thoroughly mixed again and used as the source of 

subsequent aliquots for experimentation. 

Results of the treatability testing indicate that the arsenic contained 

in the soil is associated with both the organic material and the 

inorganic sand fraction. The nature of this association, such as 

chemical bonding or absorption, was 'not investigated and any comments 

would be speculative. Extraction treatments that removed much of the 

organic material such as solubilization by addition of NaOH followed try 

decantation and thorough washing, removed between 50 and 80% of the 

total arsenic. Neither the chelating agents nor the pH adjustments 

employed in this emperical study were effective in producing post 

treatment solids that met the target criterion of less than 20 mg total 

arsenic per kg of dry solids (all arsenic values are expressed on a dry 

weight basis). 

In addition to the inability of batch extraction techniques studied 

herein to meet the 20 mg/kg target, large amounts of aqueous, black, 

organic-rich," arsenic wastes were produced from decantation of the 

extract supernatant solutions and multiple washings of the retained 

solids. This aqueous waste would have to be treated and disposed of, a 

senario not investigated in this study. Reduction of volume by 

dewatering may prove to be the most difficult step. The very fine 

organic suspensions do not readily settle out. 



In summary, the batch extraction experiments conducted on the- ViChem 

soil samples supplied by Ebasco were not effective in lowering their 

arsenic content to a level that would comply with disposal protocols. 

Another serious drawback was the generation of relatively large volumes 

of aqueous wastes containing leached arsenic and f.infe suspended 

particulates that will be difficult to treat by conventional methods. 

Thus, simple batch extraction treatments using citrate, oxalate or EDTA 

chelators in combination with solution pH adjustments between 5 and 12 

did not provide conditions favorable for treatment of these contaminated 

wastes. 
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QA/QC DATA SUMMARY 
LAB CONTROL RESULTS 

CLIENT: VINELAND CHEMICAL/SOILS 

CONTRACT NO: ESI -1002-101 

UNITS: ARSENIC, ug/L 
TOTAL ORGANIC CARBON, mg/L 

PARAMETER QC RESULT QC TRUE VALUE % RECOVERY 

TOC 1140 1160 98 

ARSENIC 82 80 103 

TOC 1020 1160 88 

ARSENIC 84 80 105 

TOC 1020 1160 88 

B1ank*nWer? ^9®sted and analyzed during each sample preparation 
Arsenic^S ug/L) values were below instrumental detection limits for 

* 

9 
-41 



.A.: 

QA/QC DATA SUMMARY 
DUPLICATE RESULTS 

CLIENT: VINELAND CHEMICAL/SOILS 
« 

f 
• I w" 

fe. " 
CONTRACT NO: ESI -1002-101 

UNITS: ARSENIC, ug/L 
W"~~ TOC mg/kg 

w. —- SAMPLE SAMPLE DUPLICATE % 
Si IS 

PARAMETER ID RESULT RESULT DIFFERENCE 

ARSENIC 4767 7.3 <5 NON CALCULABLE 
-1 . TOTAL ORGANIC CARBON 4767 2700 8750 106 * 

1" ARSENIC 4908 564 407 32 
J r 

ARSENIC 5031 70 64 9.4 
— TOTAL ORGANIC CARBON 5030 <90 <93 NON-CALCULABLE 

• i . ARSENIC 5830 53 68 25 

* AVERAGE OF DUPLICATES WAS REPORTED DUE TO POOR PRECISION. 

z. 
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QA/QC DATA SUMMARY 
SPIKE RESULTS 

CLIENT: 

CONTRACT NO: 

UNITS: 

VINELAND CHEMICAL/SOILS 

ESI-1002-101 

ARSENIC ug/L 
TOTAL ORGANIC mg/L 

t • i 

PARAMETER 
SAMPLE 

ID 
SAMPLE 
RESULT 

SPIKE 
RESULT 

SPIKE 
ADDED 

% 
RECOVERY 

ARSENIC 4767 7.3 45 40 94 

ARSENIC 4908 564 426 40 0 

ARSENIC 5030 73 127 40 135 

TOC 5030 <100 675 1000 68 

ARSENIC 5829 37 63 . 40 65 

N = SPIKE RECOVERY OUT OF CONTROL WINDOW OF 75 - 125%. MATRIX INTERFERENCE 
IS INDICATED. 

* = SPIKE ADDED WAS TOO LOW FOR THE SAMPLE LEVEL. CONTROL LIMITS ON PERCENT 
RECOVERY NOT APPLICABLE. 

11 
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TREATABILITY STUDIES FOR CHEMICAL FIXATION 
OF ARSENIC AND SOLIDIFICATION OF SOIL 

VINELAND CHEMICAL COMPANY SITE PROJECT 
VINELAND, NEW JERSEY 

TASK II 
FINAL REPORT 

December 11,1987 

Report Prepared For: KBASCO SERVICBS INCOPORATED 
REM III PROGRAM 
U.S. ENVIRONMENTAL PROTECTION AGENCY 
Task Leader: M. Kuo 
Site Manager: W. Colvin 
Project Identification No. WA-37.2LB8 

Report Prepared By: LOPAT ENTERPRISES INCORPORATED 
Wanaaassa, New Jersey 07712 
Project Supervisor: C. Falk 
Project Manager: G. Gironda 



Proj. I.D. No. WA-37.2LB8 
Ebasco: M. Kuo, W. Colvin 

Lopat Ent. Inc. Task II Report 
December 11, 1987 

SOIL SAMPLER 

Untreated 
Log 87-63 

Color 

Physical 
Characteristics 

Grey, Brown, Orange 

Sandy 

Treatment 
1106-83-1 

Treatment 
1106-83-2 

Concrete 
-like 

Concrete 
-like 

Treatment 
1106-84-1 

Cement Grey Cement Grey Dark Grey 

Hard Dry 
Mud 

Density, g/cc 1.37 

Unconfined ©8h: 0 
Compressive S24h: 0 
Strength® ©32h: 0 
lbs/f>* ©48h: 0 

^ Increase in 
Volume due to 
'1 reatment 

Increase in 
••jgh' Due to 

. • • -if • 

2.07 

6180 
>9000 
>9000 
>9000 

17 

1.94 

4100 
>9000 
>9000 
>9000 

24.7 

2.13 

0 
3200 
4800 
5800 

16 

77 76 81 

U.C.S. was done with aSoiltest Pocket Penetrometer Model CL-700 having a 
,.c between 0 9000 lb/ft2 in 500 lb. increments. Each reported number is 

the average of 10 determinations. 

Soil Page 1 



Proj. I.D. No. WA-37.2LB8 
Ebaaco: M. Kuo, W. Colvin 

Lopat Bnt. Inc. Task II Report 
Decenber 11, 1987 

TREATBD SOIL SAMPLES 

EP TOXICITY TEST RESULTS (in mg/1) 

1106-83-1 1106-83-2 1106-84-1 1106-91-1 
(repeat of 
1106-83-1) 

0.24 0.36 0.22 0.27 

0.6 0.7 0.6 0.5 

<0.005 <0.005 <0.005 <0.005 

0.09 0.05 0.01 0.06 

<0.005 <0.005 <0.005 <0.005 

0.0004 <0.0002 <0.0002 <0.0002 

<0.005 <0.005 <0.005 0.008 

<0.01 <0.01 <0.01 <0.01 

Soil Page 2 



Proj. I.D. No. HA-37.21B8 
Ebasco: N. Kuo, N. Colvin 

Lopat Ent. Inc. Task II Report 
Oeceaber 11, 1967 

TREATED SOTL SWLfS 
Test Results of 1106-83-1 

fn Tor 1 2 3 4 5 6 7 8 9 10 

A: r " 0.20 0.20 0.21 0.15 0.15 0.17 0.07 0.13 0.17 0.14 

6a O.t. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

M (1.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

- 0 03 <0.01. <0.01 <0.01 <0.01 (0.01 (0.01 (0.01 <0.01 <0.01 

Pt J05 < 0.005 < 0.005 (0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

He 0.2X4 <0.0002 <0.0002 <0.0002 <0.0002 (0.0002 <0.0002 (0.0002 <0.0002 '0.0002 <0.0002 

Se xCi.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

As <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0.01 <0.01 <0.01 <0.01 <0.01 

KP Test Results for 1106-91-1 
(Treataent the saae as 1106-81-1) 

1 2 3 4 5 6 7 8 9 

0.14 0.10 0.12 . 0.10 0.08 0.07 0.07 0.08 0.11 

(0.1 <0.1 (0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cd <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Cr 0.06 0.02 0.02 <0.01 0.04 0.02 <0.01 <0.01 <0.01 <0.01 

ft <ii. 005 '0.005 <0.005 <0.005 0.007 <0.005 <0.005 <0.005 <0.005 <0.005 

«g <0.0002 (0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 (0.0002 

Se 0.008 <0.005 <0.005 <0.005 <0.005 <0.005 (0.005 <0.005 <0.005 (0.005 

*9 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

ALL RESULTS REPORTED IN MILLIGRAMS PER LITER. 

Soil Page 3 
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Proj. T.D. No. WA-37.2LB8 
Bbasco: M. Kuo, W. Colvin 

Lopat Bnt. Inc. Task II Report 
December 11, 1987 

LABORATORY TRBATXENT OF SOIL 

ID* 

Treatment 

W:.of Soil 

K-20 LS 
Part A 

K-20 LS 
Part B 

Tap Water 

Fixative 

1106-83-1 
(and 1106-91-1) 

*1 

400g 

1.16g 

. 84g 

103g 

8g 
Darco Gro-safe 

+ 
80g 

Class F Fly Ash 
+ 
160g 

Portland Cement 
Type I 

1106-83-2 

#2 
400g 

1.16g 

. 84 g 

112g 

8g 
Darco Gro-safe 

+ 
60g 

Class F Fly Ash 
+ 

80g 
Lime Type SA 

80g 
Portland Cement 
Type I 

1106-84-1 

*3 

400g 

1.16g 

. 84 g 

134g 

8g 
Darco Gro-safe 

+ 
80g 

Class F Fly Ash 
+ 
160g 

Lime Type SA 

Soil Page 4 
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Proj. I.D. No. WA-37.2LB8 
Ebasco: M. Kuo, W. Colvin 

Lopat Bnt. Inc. Task II Report 
December II, 1987 

LABORATORY AND SCALB-UP PROCEDURES AND RAW MATERIALS 

COSTS FOR TREATED SOIL SAMPLE 1106-83-1 or 1106-91-1 

! K.iortitory Scale 
Scale-up 
(per ton of noil) 
Quantity (coat) 

Scale-up 
(per yd3 of soil) 
(1 yd3 of soil=2310 lb) 
Quantity (coat) 

400i: Toil 
ap Water 

2g K-20 LSC* 
8.0g Darco Gro-safe" 
80.Og Class F Fly Ashc 
160.0>? Portland Cement, 

1 gal ($40.00) 
40 lb ($15.60) 
400 lb ($ 2.10) 
800 lb ($26,80) 
TOTAL $84.50 

2000 lb 
515 lb 

1.16 gal ($46.20) 
46.2 lb ($18.02) 
462 lb ($ 2.43) 
924 lb ($30.95) 
TOTAL $97.60 

1 yd3 soil 
595 lb 

Type I* 

Ingredients were added and nixed in the sane order as listed. 

a) Lopat Enterprises K-20 LSC, $40.00 per gal. FOB Wanamassa7~NJi 
b) Darco Gro-safe activated carbon, Anerican Norit Co., $0.39 per lb. 

FOB Marshall, TX. 
c) Class F Fly Ash, Ash Management Corp., $10.50 per ton,(bulk) 

FOB Trenton,NJ 
d) Portland Cement, Saylor's Type I, Coplay Cement Co., $67.00 per ton.(bulk) 

FOB Nazareth, PA. 

NOTE. The above raw materials costs are approximate, as they are determined 
by a laboratory screening treatment process. In most cases, pilot 
studies show that site treatment costs will be lower. 

< 
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Proj. I.D. No. WA-37.2LB8 
Bbasco: M. Kuo, W. Colvin 

Lopat Bnt. Inc. Task II Report 
December 11, 1987 

SAMPLE PREPARATION 

Log 87-63:The soil sample was essentially a sand, brown and orange, 
s-.tirring and raking the soil, the material became fairly homogeneous, 
plastic scoop was used to remove 400g of soil for each experiment. 

Soil Page 6 



Proj. I. D. No. WA-37.2I.Hft 
Ebasco: M. Kuo, W. Colvin 

Lopat Ent. Inc. Task II Report 
December 11, 1987 

Unconfined compressive strength vs. time 

Treated Sample://0*-83"' 

10000 

Time, Hours 3 

o 
NOTE: Each plotted point Is the average of 10 U.C.S. deten ® on( 
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Proj. I.D. No. WA-37.2l.nR 
Ebaaco: M. Kuo, W. Colvin 

Lopat Ent. Inc. Task II Report 
December 11, 1987 

llneonfined compressive strength vs. time 

Treated Sample : 1106-?3" ̂  "^rt ̂  

10000 j 

< M 
Time, Hours z 

o 
NOTE: Each plotted point Is the average of 10 U.C.S. deter* o ona 

CO 
ui 
o 



Proj. I. D. No. WA-37. 2I.IUI 
Ebasco: M. Kuo, W. Colvin 

Lopat Ent. Inc. Task II Report 
December 11, 1987 
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I. INTRODUCTION 

A water sample was collected on July 29, 1987, from Monitoring Well 

Number 1 at the Vine!and Chemical Company (ViChem) Site located in 

Cumberland County, New Jersey. The sample was shipped 1n eight, 

5-gallon cubitainers and arrived at the Hittman Ebasco laboratory on 

August 1, 1987. This 40 gallon water sample was used as the feed stock 

for all subsequent treatability experiments. The original containers 

were stored in a walk-in cold room at 4°C until a subsample was required 

for experimentation. Equal volumes were then withdrawn from each of the 

eight cubitainers. No chemical preservatives were added to the original 

feed stock sample in order to avoid altering pH values representative of 

conditions at the ViChem Site. 

After an initial chemical characterization (see Section III.) which 

confirmed a significant level of arsenic contamination, bench-scale; 

treatability tests were performed to determine the feasibility of 

arsenic removal by reverse osmosis, ion exchange and activated 

adsorption. 

This report summarizes the analytical protocols, experimental methods 

and results of technology-specific Investigations conducted by Hittman 

Ebasco scientists under the direction of Ebasco Services Incorporated. 

For each of the three treatment technologies, data were generated to 

assess the feasibility and economics of each type of treatment in terms 

of the potential to achieve a final effluent that meets the Federal and 

State of New Jersey criterion of less than 0.05 mg/L total arsenic 

content. A discussion of the results compares the efficacy of each 

treatment process at removing arsenic from wastewater generated at the 

ViChem Site. < H 
2 

o 
o 

00 
m -J 

1 



II. SUMMARY OF ANALYTICAL METHODS 

Analyte Method* 

Alkalinity 310.1 

Arsenic 206.2 

Calcium 200.7 

Chloride 325.3 

Cyanide 335.2 

Iron 200.7 

Oil and Grease 413.1 

pH 150.1 

Sulfate 375.3 

Total Hardness 130.2 

Total Organic Carbon 415.1 

Total Suspended Solids 160.2 

Turbidity 180.1 

* All methods are taken from "Methods for Chemical Analysis of Water and 
Wastes," EPA-600/4-79-020, 1979. 
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III. SUHMARY OF RESULTS: INITIAL CHARACTERIZATION 

Parameter 

AT kalinity 

Chloride 

Cyanide 

Oil and Grease 

Sulfate 

Total Organic Carbon 

Total Suspended Solids 

Total Hardness (EDTA) 

Turbidity 

Arsenic 

Calcium 

Iron 

pH 

Detection 
Limit Result Units 

1 5 mg CaC03/L 

1 24 mg/L 

10 <10 ug/L 

5 <5 mg/L 

1 13 mg/L 

1 <1 mg/L 

1 4 mg/L 

] 11 mg CaC03/L 

1 25 NTU 

• 0.010 ' 1.6 mg/L 

0.045 1.9 mg/L 

0.010 5.2 mg/L 

2-12 6.34 



IV. SUMMARY OF RESULTS: REVERSE OSMOSIS 

EXPERIMENT #1 - Membrane ST-10: spiral wound, cellulose acetate 

Operating 
Pressure (psi) 

400 
500 
700 

Concentrate 
Flow (qph) 

250 
84 

120* 

Permeate 
Flow (qph) 

8.7 
10 
15 

Arsenic Content 
of Permeate (uq/LV 

<5 
<5 
<5 

*Arsenic content of concentrate stream - 47 ug/L, pH - 5.3 

EXPERIMENT #2 - Membrane MS-02: spiral wound, thin film poly amide 

Operating 
Pressure (psi) 

400 
500 
700 

Concentrate 
Flow (qph) 

250 
84 

102* 

Permeate 
Flow (qph) 

33 
38 
54 

Arsenic Content 
of Permeate (uq/L) 

<5 
<5 
<5 

kArsenic content of concentrate stream = 54 ug/L. 

CHEMICAL CHARACTERIZATION OF REJECT STREAM: Membrane MS-02 at 700 psi 
(After a 60-705. volume reduction of the waste) 

Alkalinity: 52 mg CaC03/L 
Chloride: 58 mg/L 
Cyanide: <10 ug/L 
Oil and Grease: <5 mg/L 
Sulfate: 61 mg/L 
TOC: 440 mg/L 

TSS <1 mg/L 
Hardness: 36 mg CaC03/L 
Turbidity: 1.0 NTU 
Arsenic: 
Calcium: 
Iron: 
pH: 

0.089 mg/L 
4.8 mg/L 
0.035 ng/L 
5.7 



SUMMARY OF RESULTS: ION EXCHANGE 

EXPERIMENT #1: RESIN - Amber!ite IRA-400 (Cl)/L 

ANALYTICAL DATA 

RUN #1: Arsenic Content of ViChem Feedstock: 400 ug/L 

Sample 
Identification 

836-011-01 
836-011-02 
836-011-03 
836-011-04 
836-011-05 
836-011-06 

Time of 
Collection 

+ 7 min. 
+ 1 hr. 

.+ 4 hrs. 
+ 8 hrs. 
+16.75 hrs, 
+24 hrs. 

Arsenic Content 
(m/i) 

1 1  

7 
7 

12 
33 
27 

Arsenic Content of Bulk Regenerant: 3,420 ug/L 

RUN #2: 

Sample 
Identification 

836-012-02 
836-012-03 
836-012-04 
836-012-05 
836-012-06 
836-012-07 

Time of 
Collection 

+ 7 min. 
+ 1 hr. 
+ 4 hrs. 
+ 8 hrs. 
+16.75 hrs. 
+24 hrs. 

Arsenic Content 
(ug/L) 

65 
35 
25 
39 
19 
23 

PRODUCTION DATA 

Production Volume: 
Run Time: 
Average Flow Rate: 
Bed Volume (void): 
Empty Bed Contact Time (EBCT): 
Regenerant Volume: 

2000 ml (27C bed volumes) per run 
1440 minutes (24 hours) per run 
2.8 ml/minute 
7.4 ml 
2.7 minutes 
145 ml 



ION EXCHANGE EXPERIMENT #2: RESIN - Bio-Rad AG1-X8 

ANALYTICAL DATA 

RUN #1: Arsenic Content of Vichem Feedstock: 400 ug/L 

Sample 
Identification 

Time of 
Collection 

Arsenic Content 
(uq/L) 

836-013-01 + 7 min. <5 
836-013-02 + 1 hr. <5 
836-013-03 + 4 hrs. <5 
836-013-04 + 8 hrs. <5 
836-013-05 +15.75 hrs. 6 
836-013-06 +24 hrs. 10 

Arsenic Content of Bulk Regenerant: 8,860 ug/L 

RUN #2: 

Sample Time of Arsenic Content 
Identification Collection (uq/L) 

836-016-01 + 7 min. 38 
836-016-02 + 1 hr. 13 
836-016-04 + 8 hrs~. 13 
836-016-05 + 17.5 hrs. 8 
836-016-06 + 24 hrs. 10 
836-016-03 + 29.5 hrs. 10 

PRODUCTION DATA 

Production Volume: 3350 ml 
Run Time: Run #1 
Average Flow Rate: Run #1 
Bed Volume (void) 6.6 ml 
Contact Time (EBCT): Run #1 
Regenerant Volume: 140 ml 

(508 bed volumes) per run 
' 1440 min.; Run #2 - 1770 min. 
» 2.3 ml/min.; Run #2 « 1.9 ml/min 

• 2. 8 min.; Run #2 • 3.5 min. 



SUMMARY OF RESULTS: BATCH ADSORPTION 

EXPERIMENT #1: ADSORBENT - ALCOA F-l Alumina 

FLASK M (mq) C (uq/L) X (uq) X/M (mq/q) 

A 0 188 ... ... 

B 5.1 178 2.5 0.49 
C 11.0 143 11.25 1.02 
D 22.1 101 21.75 0.98 
E 43.0 52 34.0 0.79 
F 82.1 33 38.75 0.47 
G 103 36 38.0 0.37 

EXPERIMENT #2: ADSORBENT - Titanium Oxide 

FLASK M (mo) C (uq/L) *  (ug ) .  X/M (mq/q) 

A 0  65 ... ... 

B 10.0 97  -8.0 -0.80 
C 20 .0  148 -20.75 -1.04 
D 40.0 196 -32.75 -0.82 
E 80.0 160 -23.75 -0.30 
F 160 256 -47.75 -0.30 
G 400 266 -50.25 -0.13 

EXPERIMENT #3: ADSORBENT - ALCOA F-l Alumina 

BOTTLE M (mq) C (uq/L) x ("9) X/M (mq/q) 

A 0 191 ... • . . 

B 20 98 23.25 1.16. 
C 50 50 35.25 0.70 
D 100 15 44.0 0.44 
E 500 11 45.0 0.09 

M » Adsorbent added to flask 
C « Aqueous As concentration after 5 days 
X » Total As removed from solution by adsorbent 
X/M « Solid phase loading capacity 
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FREUNDLICH MODEL ISOTHERM CONSTANTS 
FOR ARSENIC ADSORPTION ONTO AULUMINA 

AT pH - 6.1 AND TEMPERATURE • 32°C 

Log X/M - Log K + 1/n Log C 
(see previous tabular data summary and graph). 

Isotherm constants were derived by the slope-intercept method regression 

ISOTHERM CONSTANTS 

K - 0.117 
1/n - 0.46 

(correlation coefficient • 0.934) 

EQUATION: X/M - 0.117 C°-*6 

UNITS: C (ug/L) 
X/M (mg/g) 

NOTE: The data from the batch adsorption experiment using TiO? 
(Experiment #2) do not fit the Freundlich Isotherm Model 
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DESCRIPTION OF EXPERIMENTS PERFORMED 

A. Reverse Osmosi s 

Two experiments were performed in order to evaluate two different 

RO membranes. Process evaluation data were generated with the use 

of a PES/0SM0-19T-80 reverse osmosis machine supplied by Osmonics, 

Inc., Minnetonka, MN. This unit featured dual, multi-stage 

centrifugal stainless steel pumps, flow and pressure gages, 

stainless steel and nylon tubing, polypropylene and PVC fittings, 

and a styrene acrylonitrile 5 micron prefilter cartridge unit. 

For Experiment #1, a spiral wound cellulose acetate membrane 

designated ST-10 was installed by the manufacturer (both membranes 

were supplied by Osmonics, Inc.). This membrane is relatively 

thick, durable and resistant to damage by oxidizing agents and pH 

extremes. The ST-10 membrane was replaced by one designated MS - 02 

for Experiment #2. The MS-02 membrane, a spiral wound polyamide 

type, is thinner and allows greater flow rates but is more 

susceptible to clogging and chemical damage by corrosive or 

oxidizing feedstocks. 

Each membrane was evaluated at pressures of 400, 500 and 700 psi. 

A 10-gallon polyethylene tank was filled with the ViChem composite 

groundwater which had a pH of 5.3 after reaching room 

temperature. The Qsmo RO machine was energized and purged with 10 

gallons of deionized water. The first four gallons of ViChem 

feedstock were run through the machine and disgarded after which 

the reject and permeate streams were directed back into the 

10-gallon feed tank. The four gallons of feedstock lost during 

this initial purge were replaced so that the total volume of ViChem 



feedstock was 10 gallons. At the 400 end 500 psi pressure 

regimes, only one of the centrifugal pumps was energized. The 

reject and permeate flows were recirculated back into the feed 

tank for a period of 30 minutes after which a 100 ml sample of the 

permeate was collected for arsenic analysis and all machine 

parameters recorded. Both pumps were energized to maintain 700 

psi and samples of the permeate (100 ml) were collected after five 

minutes of stable operation at this pressure. A sample of the 

reject (concentrate) stream was also collected at this time to 

determine the arsenic content of the filtered feedstock just prior 

to membrane filtration. In addition, a 4-l1ter sample of the 

reject stream from the MS-02 membrane at 700 psi was collected and 

analyzed for an expanded list of water quality parameters (see 

Section IV.). This final sample from the reject stream was 

collected after the volume of feedstock had been reduced from 10 

to approximately three gallons by withdrawing the permeate flow 

tube from the feed tank and disgarding all permeate generated 

while only the reject stream was recirculated. 

Ion.Exchange 

The ion exchange resin used in Experiment #1 (see Section V.) was 

Amberlite IRA-400 (CI), a Rohm and Haas Company product. It was 

purchased from Aldrich Chemical Company (catalog no. 24, 766-9) in 

the chloride form and used as received without further 

preparation. Although no sizing data were supplied, it appeared 

to be approximately 50-100 mesh. The resin was packed as a slurry 

in deionized water into 20 mm (1.d.) Pyrex columns to a depth of 

100 mm at a flow rate of 2-4 nl/m1nute. The resin bed was 

supported by a integral coarse fritted disc. A small plug of 
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glass wool was carefully placed on top of the bed so that addition 

of the ViChem feedstock would not disturb the resin material. The 

column was filled completely with the ViChem feedstock and a 

single-hole silicone stopper was placed in the top opening. Tygon 

tubing was used to connect a 20-liter polyethylene feed tank to a 

glass tube inserted through the stopper in the top of the column. 

Flow through the column was controlled by the adjustment of a 

rotaflow-type stopcock attached to the bottom of the column with a 
short length of Tygon tubing. 

The feedstock was prepared by mixing equal volumes from each of 

the eight, 5-gallon cubitainers sent to Hittman Ebasco from the 

ViChem site and adjusting the pH to 9.2 with 5 N sodium 

hydroxide. It was found that approximately 6 ml of aqueous sodium 

hydorxide at this normality was sufficient to maintain a pH of 9.2 

for each 10 liters of ViChem feedstock. An aliquot of this 

feedstock was analyzed and found to contain 0.40 mg arsenic per 
1 iter. 

Elution runs were performed over two 24-hour periods. Times were 

recorded at the beginning of sample collection. Each 100 ml 

sample took about 36 minutes to collect. Immediately after each 

sample was collected, a few drops of 50% (v/v) nitric acid were 

added to reduce the pH below 2. Arsenic concentrations were 

determined by graphite furnace AAS. The first 24-hour elution 

(Run #1, Section V) was followed by a regeneration step using 10% 

(w/v) sodium chloride in deionized water as the regenerant. The 

resin bed was allowed to soak for 24 hours in this reagent, then 

rinsed with several bed volumes of deionized water. Another 

24-hour elution was repeated as described above (Run #2) to 

complete one entire cycle of ion exchange operation. 

11 



The 1on exchange resin used 1n Experiment #2 was AG 1-X8, a 

cleaned and sized Dowex 1-X8 resin purchased from Bio-Rad 

Laboratories (catalog No. 140-1441). The resin was of mesh size 

100-200 and obtained in the chloride form. Column packing and 

experimental design details were as previously described for 

Experiment #1. The same ViChem feedstock with pH adjusted to 9.2 

was eluted through the resin bed. Run #1 lasted 24 hours and was 

followed by a regeneration step using 10% sodium chloride and 

column rinsing as before. Run #2 lasted almost 30 hours with six 

aliquots of column elutriate collected at the times Indicated in 

Section V, Experiment #2, Run #2. Times were recorded at the 

beginning of sample collection. Each 100 ml sample took about 48 

minutes to collect. Preservation and analysis of sample aliouots 

were performed as described above. 

C. Adsorption 

Two different adsorbents were tested to determine their 

effectiveness in removing arsenic from the ViChem aqueous 

feedstock. Activated alumina (A12O3) was obtained from ALCOA 

(F-l), and reagent grade titanic oxide (Ti02) purchased from 

Fisher Chemical Company (T-315). Both adsorbents were used just 

as they were received from the manufacturer without any further 

purification or pretreatment. 

For Experiments #1 and #2 (see Section VI), carefully weighed 

portions of the adsorbent of interest were added to a series of 

seven, 500 ml Pyrex Erlenmeyer flasks containing 250 ml of the 

composited ViChem groundwater sample (pH>6.1). Procedures for 

Experiment #3 were the same except that five 500 ml Teflon bottles 
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were used instead of Pyrex flasks. One flask or bottle in each 

experiment contained feedstock but no adsorbent and served as the 

control. The containers were capped and continuously agitated on 

an Eberbach shaker table. After five days, 125 ml aliquots were 

filtered through 0.45 micron filter discs and analyzed for arsenic 

by graphite furnace AAS. One analysis was performed on each flask. 

13 



DISCUSSION OF RESULTS 

A. Reverse Osmosis 

Results of arsenic analyses on the permeate samples (Section IV) 

Indicate that both the ST-10 and the MS-02 membranes were 

effective in reducing arsenic levels not only below the discharge 

limit of 50 ug/L, but to levels below the detection limit of the 

graphite furnace AAS. The only problem encountered in operating 

the RO machine was the rapid clogging of the prefilter cartridge. 

During the several months that the original VIChem water samples 

have reamined in cold storage, a fine rust-colored precipitate has 

formed in each container. The precipitate settles to the bottom 

of the containers, but when portions of the sample are removed for 

experimentation, the resulting agitation resuspends the 

precipitate. We have had good success in vaccuum filtering the 

sample through 15 cm diameter glass fiber filters (Watman GF/F), 

and reductions in flow rates across either RO membrane were not 

noted during machine operation. However, the prefilter cartridge 

clogged within minutes of the start of the RO process and was 

automatically bypassed. The ST-10 membrane did an excellent job 

of removing the reamining precipitate without signs of clogging. 

With the much larger volumes of waste to process in the field, 

however, treatment to remove suspended solids, although not 

difficult, will have to be addressed 1n planning field-scale 

treatment activities using reverse osmosis. As to the nature of 

the precipitate, the large reductions 1n Iron and arsenic content 

evident when comparing results of Initial characterization 

(Section III) with values for the filtered reject strearil after 

concentration by a factor of three, and pH values that decrease 

from 6.3 to 5.3 during storage of the feedstock, indicate that 

14 



Iron and arsenic are co-prec1pitat1ng as hydroxides. Iron 

oxy-hydroxides typically exhibit the light reddish-brown color 

noted in this case. As Indicated by the arsenic content of the 

concentrate stream during Experiments #1 and #2, precipitation 

followed by filtration of the Fe/As hydroxides removed almost 97% 

of the total arsenic from the sample and resulted In dissolved 

arsenic values very close to the target concentration. 

Due to relatively low arsenic content of the filtered feedstock, 

the lack of a large volume of sample with which to experiment and 

project time constraints, the point at which the arsenic content 

of the concentrated reject stream reaches a level that results in 

breakthrough into the permeate stream at detectable levels was 

never determined. In evaluating these two membranes, the 

capability of the MS-02 thin film polyamide unit to produce higher 

flow rates by about four times that of the ST-10 cellulose acetate 

unit at the same operating pressures appears to be the most 

significant advantage. The purported durability of the ST-10 

membrane is not a significant advantage due to the benign chemical 

characteristics of the ViChem groundwater. If a simple 

prefiltration procedure is developed, then the ability of the 

MS-02 membrane to operate at lower pressures and still provide 

satisfactory permeate flow rates makes this membrane the clear 

choice assuming premature breakthrough . does not occur as the 

arsenic associated with the reject stream is concentrated. 
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Ion Exchange 

The Amberlite IRA-400 (CI) strong base anion exchange resin used 

1n Experiment #1 (see Section V) worked well 1n removing dissolved 

arsenic from the ViChem wastewater. It should be noted that the 

arsenic content of a composite of the waste had fallen from 1.61 

ppm to 0.40 ppm since the sample was received. This is probably 

due to precipitation during storage at 4°C (the raw feedstock had 

not been preserved with nitric acid 1n order to avoid large 

changes in pH), or by some combination of adsorption and 

precipitation mechanisms when the pH was adjusted to 9.2 in 

preparation for the column study. Throughout Experiment #1, the 

average arsenic concentration of the column elutriate was less 

than 6% of the feedstock and only one sample, taken immediately 

after the regeneration step, was above the 50 ppb target value. 

The elevated arsenic concentration of this sample was probably the 

result of incomplete washing of residual regeneration reagent from 
the resin bed. 

After column regeneration and during Experiment 11, Run #2, air 

bubbles were noted within the resin bed. Efforts to eliminate 

these bubbles proved fruitless and they probably affected the flow 

characteristics of the column leading to more erratic arsenic data 

from Run #2. Nevertheless, after one complete cycle of operation, 

the column continued to remove 94% of the arsenic from the ViChem 

feedstock. Because column breakthrough was never observed, 

ultimate column capacity could not be determined. 

If one assumes constant flow over the first 24-hour elution -period 

(Experiment #1, Run #1) and average arsenic values as follows: 

0 0 - 8  h o u r s  «  1 0  u g / L  a r s e n i c  

8-16 hours • 22 ug/L arsenic 

16 - 24 hours • 30 ug/L arsenic 

16 



Then, with a. feedstock arsenic concentration of 0.40 mg/L and 2 

liters production volume, a total of 0.80 mg arsenic went in the 

column of which (10 ug/L x 0.67 L) + (22 ug/L x 0.67 L) + (30 ug/L 

x 0.67 L) - 0.04 mg arsenic passed through. Thus, the Amberlite 

resin trapped 0.80 - 0.40 • 0.76 mg or 95% of the total arsenic. 

Upon regeneration, a total of 3.42 mg/L x 0.145 L - 0.496 mg 

arsenic was recovered in the bulk regenerant solution, roughly 65?* 

of the total amount trapped. This figure is lower than expected 

and should be considered when estimating the useful life of the 

resin. However, during the second 24-hour elution period 

(Experiment #1, Run #2) the arsenic data from elutriate samples do 
not indicate any loss of column efficiency. 

The AG 1-X8 strong base anion exchange resin used in Experiment #2 

proved to be an excellent substrate for removing dissolved arsenic 

from the ViChem groundwater at a pH of 9.2. Throughout most of 

the study, the arsenic concentrations of the column elutriates 

were at or just slightly above instrumental detection limits. In 

every case, the arsenic concentrations were well below the 50 ppb 
target value. 

If one assumes a constant flow rate over the first 24-hour elution 

period (Experiment #2, Run #1) and average arsenic concentrations 
as follows: 

Then, as a mass balance exercise, with a feedstock arsenic 
concentration of 0.40 mg/L and 3.35 liters production volume, a 
total of 1.34 mg arsenic went in the column of which (3 ug/L x 
1.12 I) + 6 ug/L x 1.12 L) + 8 ug/L x 1.12 L) - 0.02 mg arsenic 
passed through. Thus, the AG 1-X8 resin trapped 1.34 - 0.02 -

1.32 mg or greater than 98% of the total arsenic. 

00 - 8 hours 

8-16 hours 

16 - 24 hours 
6 ug/L arsenic 
8 ug/L arsenic 

3 ug/L arsenic 
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Upon regeneration, a total of 8.86 mg/L x 0.140 L - 1.24 mg 

arsenic was recovered in the bulk regenerant solution, roughly 95% 

of the total amount trapped. This figure is in line with typical 
regeneration efficiencies for Ion exchange resins. 

In summary, either ion exchange resin would be effective in 

polishing the ViChem groundwater in order to reduce total arsenic 

content to below 50 ug/L. More consistent results were obtained 

with the AG 1-X8 resin probably because 1t was precleaned and 

sized by Bio-Rad Laboratories for research use. The Dowex 1-X8 

equivalent would probably be more cost effective for larger scale 
pilot studies. 

C. Activated Adsorption 

Experiments #] and *3 - Alumina Adsorption Isotherm Test: 

Alumina proved to be an effective adsorbent for removing arsenic 

from the ViChem feedstock to concentrations below the target value 

of 50 ug/L. Reaction flasks with at least 50 mg of added alumina 

exhibited equilibrium arsenic concentrations (C) that achieved or 

surpassed this target. Total arsenic removed from solution by the 

alumina (X) was calculated by subtracting the arsenic 

concentration (C 1n ug/L) of each flask after five days from that 

of the control, then multiplying the result by the volume of 

feedstock used (0.25 L). Solid phase loading was determined by 

dividing arsenic removed (X) by the amount of adsorbent added 

(M). Loading capacities thus obtained (X/M) are expressed as mg 

As adsorbed per gram of alumina added. Figure I (page 7a) presents 
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the combined data from both alumina batch adsorption tests 

(Section VI - Experiments #1 and #3) plotted according to the 

linerized form of the Freundlich Equilibrium Isotherm Model. . 

Constants derived from this plot by the slope-intercept method are 

presented on page 8. Data from Experiment #1 - Flasks A (the 

control) B and G ; and Experiment #3 - Bottle A (the control) and 

E were not included in the calculation of isotherm constants. In 

the case of Experiment #1 - Flask B, the small amount of alumina 

added was not enough to significantly alter the arsenic content 

relative to the control. In the case of Experiment #1 - Flask G 

and Experiment #3 - Bottle E, the equilibrium concentrations were 

so low that adding more alumina had little effect. 

Experiment #2 - Titanium Oxide Isotherm Test: 

The titanic oxide adsorbent was found to be unsuitable for use ir 

removing arsenic from the ViChem feedstock. As shown in Section 

VI - Experiment #2, adding this adsorbent actually increased 

arsenic concentrations relative to the control. , After a 

discussion with representatives of Fisher Chemical Company, it was 

learned that laboratory grade TiO? contains approximately 2.4 ppm 

arsenic as a contaminant. However, this amount is much less than 

the increase in arsenic concentration 1n the aqueous phase if all 

arsenic in excess of that found in the control is assumed to come 

from the Ti02- Instead, the presence of the Ti02 seems in some 

way to alter the partitioning of arsenic between solid and. liquid 

phases within the reaction flasks. The nature of this observed 

interaction is unknown. Because of the apparent leaching of 

arsenic from the solid phase, meaningful isotherm adsorption 

constants could not be calculated for the Ti(>2 experiment. 



Using the emperical values for K and 1/n presented on page 8, the 

Freundlich Isotherm Model for adsorption of arsenic by alumina 

from the ViChem groundwater at pH • 6.1 and temperature of 32° C, 

predicts for an equilibrium arsenic concentration of 50 ug/L, 

adsorbent loading would be approximately 0.71 mg arsenic per gram 

of alumina. In order to reduce the Initial arsenic concentration 

from 1610 ug/L to the 50 ug/L target value, about 2.3 g of alumina 

would have to be added to each liter of ViChem groundwater. 

However, upon close examination of the experimental data in 

Section VI, Experiment #1 - Flask E and Experiment #2 - Bottle C 

obtained equilibrium arsenic concentrations of 52 and 50 ug/L 

using only 43 and 50 mg of alumina respectively. These data imply 

that the addition of only about 0.2 g of alumina per liter of 

ViChem groundwater would result 1n the necessary arsenic 

reduction. The order of magnitude discrepancy can be explained bv 

noting that the experimental controls (Flask/Bottle A) had 

approximately 190 ug/L of arsenic, about 88% less than the 

original feedstock. In order to determine whether the loss of 

aqueous arsenic was due to precipitation or adsorption onto the 

walls of the borosilicate glass flasks used in Experiment #1, a 

second alumina adsorption study.(Experiment #3) was conducted 

using Teflon bottles. Because the results of these two 

experiments are almost Identical, the precipitation mechanism is 

most likely the cause for the shift in the distribution 

coefficient of arsenic from the aqueous to a solid phase prior to 
the addition of the alumina adsorbent. 

From previous studies, solid phase alumina loading capacity for 

the experimental conditions of these tests was expected to be 

20 



about 3 to 4 mg of arsenic per gram of alumina at 50 ug/L final 

dissolved arsenic concentration; It has been shown that adsorbent 

loading capacity is directly proportional to concentration, 

especially at low concentrations. Binding and removal of most of 

the arsenic by precipitation would lower the aqueous equilibrium 

arsenic concentration and therefore the loading capacity of the 

alumina. Another possible explanation for low capacity might 

Involve the lack of any pretreatment of the adsorbent prior to 

use. In this case, ALCOA research chemists suggest that the F-l 

alumina be conditioned by preparing a slurry of the product in 

water with sufficient hydrochloric acid to maintain the pH at or 

below 5.5 units. Solid and liquid phases would then be separated 

and the alumina washed with deionized water prior to use. It is 

estimated that such preconditioning would result in a 2 to 3-fold 

increase in the effective loading capacity by removing impurities 

and increasing the number of active sites per gram of adsorbent. 
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QUALITY CONTROL: LAB CONTROL RESULTS 

CLIENT: VINELAND CHEMICAL/WATERS 

UNITS: ARSENIC, ug/L 
TOTAL ORGANIC CARBON, mg/L 

MMHETER QC RESULT Qc TRUE VALUE , RECOVERY 

T0C '  30.0 

ARSENIC 73 

TOC 498 

ARSENIC 72 

TOC 37 

ARSENIC 7] 

29 

80 

459 

80 
37 

80 

103 

91 

108 

90 

100 

89 
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QUALITY CONTROL: DUPLICATE RESULTS 

CLIENT: VINELAND CHEMICAL/WATERS 

UNITS:. ARSENIC ug/L 
TOC mg/L 

PARAMETER SAMPLE ID SAMPLE 
RESULT 

DUPLICATE 
RESULT XDIFFERENCE 

TOC 
ARSENIC 

ARSENIC 

ARSENIC 

4918 
4922 

5498 

5802 

1 
1610 

3420 

8880 

1 
1610 

-3470 
8840 

NON-CALCULABLE 
0 

1.5 
0.5 

24 



QUALITY CONTROL: SPIKE RESULTS 

CLIENT: VINELAND CHEMICAL/WATERS 

UNITS: ARSENIC ug/L 
TOTAL ORGANIC mg/L 

PARAMETER SAMPLE ID SAMPLE RESULT SPIKE RESULT SPIKE ADDED * RECOVERY 

TOC 4918 1 43.8 50 88 

ARSENIC 4922 1610 1600 20 0* 

ARSENIC 5498 3420 4760 1200 112 

ARSENIC 5803 399 448 20 245* 
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APPENDIX J 
TOXICOLOGICAL PROFILES 

ARSENIC 

INTRODUCTION 

Arsenic is a naturally occurring metalloid which can be present in a number of 
different valence states and as a constituent in both inorganic and organic 
compounds. Elemental arsenic is used in industry as an alloying agent; both 
inorganic and organic arsenical compounds have been used as pesticides. 

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS 

Toxicological information on arsenic has been reviewed by EPA in its Ambient 
Water Quality Criteria Document (EPA 1980) and Health Assessment Document -
(EPA 1984). Acute poisoning of humans with arsenic may result in 
gastrointestinal effects, hemolysis, and neuropathy. Chronic exposure has 
characteristic toxic effects on the peripheral nervous system and, in children, 
on the central nervous system. In humans, keratosis, hyperpigmentation, 
precancerous dermal lesions, and cardiovascular injury frequently follow 
chronic exposure to arsenic. Arsenic has been found to be embryotoxic, 
fetotoxic, and teratogenic in several animal species. 

Arsenic induces chromosomal aberrations and impairs DNA repair but has not been 
shown to be a point mutagen. Epidemiological studies have shown that 
inhalation of arsenic is strongly associated with lung cancer and perhaps with 
hepatic angiosarcoma; ingestion of arsenic has been linked to a form of skin 
cancer and more recently to bladder, liver, and lung cancer (Tseng et al. 1968, 
Chen et al. 1986). Although arsenic's potential as a human carcinogen has long 
been recognised, it is only recently that its carcinogenicity has been 
demonstrated in animal models. 

•EPA is currently reevaluating the toxicity data base for the health effects of 
ingested arsenic (EPA 1986). 



QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS 

The EPA (1984) has classified arsenic in Group A--Human Carcinogen. This 
category applies to chemical agents for which there is sufficient evidence of 
carcinogenicity from animal and human studies. 

INGESTION TOXICITY 

To estimate the risks posed by ingestion of arsenic, EPA (1984) used the data 
that Tseng et al. (1968) obtained in Taiwan. Tseng et al. used the Weibull 
model to relate skin cancer incidence, age, and level of exposure via drinking 
water. In 37 villages that had obtained drinking water from artesian wells 
with various elevated levels of arsenic for 45 years, 40,421 individuals were 
examined for hyperpigmentation, keratosis, skin cancer, and blackfoot disease 
(in which impaired peripheral circulation leads to gangrene). The local well 
waters were analyzed for arsenic, and age-specific cancer prevalence rates were 
found to be correlated with both local arsenic concentrations and age (duration 
of exposure). Extrapolation to low dose levels yielded a risk of 4.3x10*^ 
associated with lifetime exposure to 1 /ig/liter of arsenic in drinking water 
(EPA 1984). In the same area, Chen et al. (1986) reported an association 
between bladder, lung, and liver tumors and ingestion of arsenic-contaminated 
drinking water. EPA (1986) reevaluated the carcinogenic potency of arsenic 
because results indicated that the risk of skin cancer was about an order of 
magnitude lower than originally predicted. However, the possibility that 
various internal tumors may be associated with arsenic exposure was not 
factored in (EPA 1986). EPA (1987) currently is recommending a cancer potency 
factor for oral exposure to arsenic of 1.5 (mgAg/day) "l. 

Another study (Astolfi et al. 1981) has shown an association between the 
ingestion of arsenic in drinking water (at concentrations around 1 ppm) and 
skin cancer. Epidemiological studies conducted in the United States have not 
yet shown such an association, but the reported studies were generally too 
insensitive to have shown such an association if it had existed at the 
predicted magnitude (Andelman and Barnett 1983, EPA 1984). 



—Hg 

The EPA primary drinking water standard for arsenic is 50 #ig/liter (CFR 1984). 
This value was established as a maximum allowable level for arsenic in drinking 
water by the U.S. Public Health Service in 1942, and it continues to be used in 
the current EPA regulations (EPA 1985). EPA's Office of Drinking Water is 
considering maintaining the present maximum contaminant level for arsenic in 
municipal drinking water supplies (EPA 1985), and has proposed a maximum 
contaminant level goal (MCLG) of 50 jig/liter. 

One factor complicating risk assessments for ingested arsenic is possible 
variation in carcinogenic potency according to the chemical form of arsenic. 
Trivalent inorganic arsenic compounds are generally more toxic than pentavalent 
inorganic arsenic compounds or organic arsenic compounds (EPA 1980, 1984). 
Epidemiological studies of copper smelter workers have often reported that 
increased lung cancer incidences were associated with exposure to trivalent 
inorganic arsenic (see below). For this reason, it has been speculated that 
the CAG unit risk for ingested arsenic may be applicable only to trivalent 
inorganic arsenic (EPA 1980). However, recent studies have shown that water 
samples from the area of Taiwan where Tseng et al.'s studies were carried out 
contain primarily pentavalent inorganic arsenic and no organic arsenicals 
(EPA 1984). The CAG unit risk is therefore applicable to other circumstances 
in which pentavalent arsenic compounds are ingested. 

INHALATION TOXICITY 

The health risks posed by airborne arsenic compounds have been reviewed in 
considerable detail by EPA (1984), and studies on the carcinogenicity of 
arsenic compounds were reviewed by the International Agency for Research on 
Cancer (IARC) in 1980. Risk assessments for exposure to airborne arsenic were 
presented by the Occupational Safety and Health Administration OSHA (1983) and 
EPA (1984). The following summary is based on these reviews and risk 
assessments and on an extensive review of the primary literature. 

< M 
It is well established that inhalation of certain arsenic compounds can cause ^ 
cancer in humans. Several studies of workers in smelters and plants § 
manufacturing arsenical pesticides have shown significant excess rates of death 1-1 

from lung cancer (EPA 1984). The carcinogenic effects of inhaled arsenic have ^ 
CO 
o* 



only recently been demonstrated in experimental animals, using a model that 
enhanced.retention of arsenic in the lung (Ishinishi et al. 1983, Pershagen et 
al. 1983). 

EPA (1984) based its quantitative risk assessment for inhaled arsenic on five 
studies of three exposed worker populations (Higgins et al. 1982, Lee-Feldstein 
1983, Brown and Chu 1982, 1983a,b, Enterline and Marsh 1980, Ott et al. 1974). 
All five studies showed excess risks of lung cancer that were related to the 
intensity and duration of exposure and the duration of follow-up (latency). 
The estimates of unit risk1 obtained from the five studies were in reasonably 
good agreement, ranging from 1.25xlO*3 to 1.36xl0*2 (Mg/m3)*1. EPA omitted the 
highest value, derived from the study of Ott et al. which was considered least 
reliable, and calculated the geometric mean for each of the two remaining 
populations and then an overall geometric mean to obtain a best estimate of 
4.3x10 (ng/m )" for the unit risk. This unit risk estimate corresponds to 
an inhalation cancer potency factor of 50.1 (mgAg/day)'1 (EPA 1984). 

Given the limitations of the available data on exposure and risk, EPA's 
procedures appear reasonable, and the consistency of results among the studies 
is impressive. The figure of 4.3xl0"3 (jig/m3)*1 is thus an estimate of the 
unit risk for exposure to the high levels characteristic of the three work 
environments where the data were obtained. This value is intended to be an 
upper-limit estimate of risk, and actual risks are unlikely to be higher. 

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) 
recommends a time-weighted average threshold limit value (TLV) of 0.2 mg/m3 for 
arsenic and soluble compounds of arsenic. 

SUMMARY 

Arsenic's carcinogenic potential in humans has been amply demonstrated. The 
quantitative estimates of oral dose-response relationships derived from Tseng 
et al. (1968) upon which the EPA assessment was based are concordant with other 
estimates of arsenic's carcinogenic potency based on inhalation exposure (EPA 

1 
The unit risk is the risk associated with lifetime exposure to 1 unit 

(generally 1 mg/kg/day, 1 mg/liter, or 1 ng/m ) of a substance. 



1984). EPA is currently reevaluating the toxicity data base for the health 
effects of ingested arsenic (EPA 1986). 

/ 
I J 

Both unit risks were derived from epidemiological studies and are appropriate 
for application to human populations exposed to arsenic under comparable 
circumstances. Neither unit risk is based on a calculation that incorporates 
important conservative assumptions, except for the assumption of a linear 
dose-response relationship, which is supported by the data from the 
occupational studies. 

SUMMARY OF ARSENIC CRTTF.RTA 

EPA carcinogen classification 

Oral carcinogenic potency (q^*) 

Inhalation carcinogenic potency (q^*) 

Maximum Contaminant Level (MCL) 

Proposed Maximum Contaminant Level Goal (MCLG) 

AWQC (cogcentration associated with a 
10 excess lifetime cancer risk) 

Ingestion of water only 
Ingestion of water and aquatic 

organisms 
Ingestion of aquatic organisms 

Group A 

1.5 (mg/kg/day) -1 

50.1 (mg/kg/day) 

50 Mg/liter 

50 Mg/liter 

2.5 ng/liter 
2.2 ng/liter 

17.5 ng/liter 

-1 
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APPENDIX J (con't) 

CADMIUM 

INTRODUCTION 

Cadmium is an element of the transitional metal series that occurs widely in 
nature, usually in lead or zinc ores. Elemental cadmium is insoluble in water, 
although many cadmium salts are quite soluble (EPA 1985 a,b). The general 
human population is exposed to cadmium in drinking water and food; cigarette 
smoke also contains high levels of cadmium. Additional inhalation exposure 
occurs in industrial settings (EPA 1985a,b). 

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS 

The toxicology of cadmium has been reviewed by Friberg et al. (1974), IARC 
(1976), and EPA (19S0, 1981, 1985b,c). Injection of cadmium into laboratory 
animals results in injection-site sarcomas and testicular tumors of the Leydig 
cells (EPA 1981) . A relationship between human exposure to cadmium and cancer 
of the prostate, lung, or kidney has been suggested by several epidemiological 
studies (Thun et al. 1985, EPA 1985b). Cadmium may impair DNA repair but has 
not been shown to be mutagenic. It is a well-documented animal teratogen. 

Cadmium bioaccumulates in mammals, particularly in the kidney and liver (EPA 
1981, 1985c). Epidemiological studies have revealed an association between 
nonmalignant pulmonary diseases and inhalation of cadmium. Renal tubular 
dysfunction, of which the first sign is proteinuria, occurs at lower levels of 
oral or inhalation exposure to cadmium and may be the primary defect 
responsible for the bone damage characteristic of Itai-Itai disease. It is 
also suspected that chronic exposure to cadmium produces hypertension, anemia, 
sensory loss (particularly smell), endocrine alterations, and immunosuppression 
in humans. 
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QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS 

INGESTION TOXICITY 

The maximum contaminant level (MCL) established for cadmium by EPA in its 
national interim primary drinking water standards and the Ambient Water Quality-
Criterion for the protection of human health are both 10 Mg/liter (EPA 1980, 
CFR 1984). EPA established the standard for cadmium on the basis of the 
"generally accepted" estimate of 200 Mg/g-wet weight of cadmium in the renal 
cortex as the critical concentration for renal toxicity. Friberg et al. (1974) 
estimated that daily ingestion of 250-350 jig cadmium over 50 years would result 
in such renal concentrations. Other more recent reviews suggest that 200 
4g/day is an acceptable daily limit for cadmium intake. 

A provisional AADI for cadmium was calculated by EPA (1985a) using the data by 
Friberg et al. (1974) and renal dysfunction as an endpoint. A daily cadmium of 
intake of 0.352 mg/day was identified as the LOAEL for renal effects in humans. 
This LOAEL corresponds to a renal cortex concentration of cadmium of 200 /ig/g. 
Assuming consumption of 2 liters of water per day and applying an uncertainty 
factor of 10, an AADI for cadmium of 0.018 mg/liter was derived (EPA 1985a). 

The EPA Office of Drinking Water (EPA 1985a) has promulgated a proposed maximum 
contaminant level goal (MCLG) for cadmium of 0.005 mg/liter. The proposed MCLG 
is based on the estimate of 200 Mg/g wet weight of cadmium in the renal cortex 
as the critical concentration for renal toxicity (Friberg et al. 1974) and a 
25% contribution to daily exposure from drinking water (AADI of 0.18 mg/liter x 
0-25 - .005 mg/liter). The proposed MCLG is comparable to the NAS and WHO 
guidelines of 0.005 mg/liter (EPA 1985a). 

A risk reference dose (RfD) of 5x10 ̂  mg/kg/day can be derived from the EPA 
Office of Drinking Water (ODW) analysis. Using the AADI (adjusted acceptable 
daily intake) of 0.18 mg/liter and assuming a person weighs 70 kg and consumes 
2 liters of water per day, an oral RfD for cadmium of .0005 mg/kg/day can be 
calculated (.018 mg/liter x 1/70 kg x 2 liters - 0.0005 mg/kg/day). 



EPA (1984) recommended that 20 /ig/liter be applied as the maximum additional 
increment from drinking water sources based on the drinking water criterion 
level of 10 /ig/liter cadmium proposed by EPA (1980) and assuming that an adult 
consumes 2 liters of water per day. The resulting acceptable intake chronic 
(AIC*) is 5.7x10 ^ mg/kg/day (assuming that an individual weighs 70 kg). 

Aughey et al. (1984) reported that treatment of male Wistar rats for only 
24 weeks with 50 mg/liter cadmium in their drinking water produced clear 
symptoms of nephritis when the accumulated renal concentration of cadmium 
was 60 /ig/g wet weight. This last concentration is less than one-third the 
200 Mg/g wet weight identified as the critical level in humans. 

Cadmium and some of its compounds are known to be carcinogenic in experimental 
animals exposed by injection or inhalation, but the carcinogenic effects are 
absent when cadmium is administered orally (EPA 1985b). It is not known which 
cadmium compounds are responsible for the inhalation carcinogenic effects in 
humans. 

INHALATION TOXICITY 

EPA (1981) has reviewed the health risks posed by airborne cadmium compounds in 
considerable detail, while studies on the carcinogenicity of cadmium compounds 
have been reviewed by the IARC (1976). Both reviews were updated by EPA 
(1985b), which also presented a risk assessment for exposure to airborne 
cadmium. 

Applying the criteria described in EPA's Guidelines for Assessment of 
Carcinogenic Risk (EPA 1986), cadmium has been classified by EPA (1985a, 1987) 
on the basis of inhalation data in Group Bl--Probable Human Carcinogen. This 
category applies to agents for which there is limited evidence from human 
studies and sufficient evidence from animal studies (EPA 1984). 

The evidence that exposure to airborne cadmium compounds increases the risk of 
cancer in humans is characterized as limited (IARC 1982, EPA 1985b). Although 
several studies of exposed workers have suggested that airborne cadmium 
increases the risk of cancer of the lung or prostate, most of the results have 



been inconclusive because of small sample sizes, lack of statistical 
significance, confounding effects of other exposures, or other factors. The 
most recent study (Thun et al. 1985), however, showed a significant increase in 
the number of lung cancer deaths (16 observed versus 6.99 expected) among a 
group of cadmium smelter workers. Although this finding may be somewhat 
confounded by the effects of smoking and exposure to arsenic, EPA (1985b) 
concluded that neither of the latter was sufficient to explain the observed 
effect. 

EPA (1985b) based its quantitative risk assessment for inhaled cadmium on the 
study by Thun et al. (1985). Very scanty information on exposure levels and 
incomplete information on exposure duration were used to compile a single 
average measure of cumulative exposure of the exposed workers. This was 
converted to a lifetime average exposure level. The extent of the deviations 
of the exposure estimates from the actual exposure is unknown. Use of the 
lifetime average exposure level in the risk calculations incorporates the 
questionable assumption that exposure to cadmium at any time during life would 
lead to the same increase in lifetime risk of lung cancer. The data were then 
fitted to a model which assumed that the effect of exposure to cadmium would be 
to increase the background rate of lung cancer by a factor proportional to the 
lifetime average exposure level. The selection of this model was arbitrary, in 
that no information on the dose-response relationship was provided between 
exposure and induction of lung cancers, and excess risk is likely to be very 
conservative. The best estimate of the exposure and response of the exposed 

- 3  3 - 1  population gave rise to a "unit risk" estimate of 1.6x10 (Mg/m ) For a 
70 kg person breathing a volume of air of 20 m3/day, this unit risk estimate 
corresponds to a cancer potency factor of approximately 6.1 (mg/kg/day). 
However, because of uncertainties in the estimates of both exposure and 
response, the range of uncertainties in the unit risk estimate was very wide, 
ranging from 4.3x10*6 to 3.8x10*2 (/ig/m3)'1. The last figure was obtained by 
combining "worst case" estimates of all exposure and risk parameters, and 
probably represents a "worse than worst case" calculation. 

Given the severe limitations of the available data, this quantitative risk 
assessment appears as reasonable as could be achieved. However, the estimate 
of "unit risk" is extremely uncertain and probably extremely conservative. The 



study itself is not regarded as fully conclusive in showing any increased 
cancer risk and at least part of this is attributable to confounding factors. 
The exposure estimates are very uncertain, the assumption of a linear exposure 
response relationship is arbitrary, and the extrapolation over a range of 5 
ordets of magnitude in dose is very tenuous. Thus, the estimate of "unit risk" 
presented by EPA (1985b) could be inaccurate and is likely to be conservative 
when applied to general population exposure. 

Recent studies have firmly associated inhalation of airborne cadmium with lung 
cancer in animals. In a bioassay in which male Wistar rats were administered 
cadmium chloride aerosols 23 hours/day for 18 months at concentrations of 0 

3 12.5, 25, and 50 /jg/m , Takenaka et al. (1983) found a highly significant 
dose-response relationship. The incidence of lung carcinomas was 0/38, 6/39, 
20/38, and 25/35 in the four treatment groups. This marked response adds 
further support to the evidence on the carcinogenicity of inhaled cadmium and 
justifies the use of Thun et al.'s (1985) data as the basis for risk 
assessments of airborne cadmium. Like the injection-site sarcomas and 
Leydigomas reported in animals (EPA 1985b), these lung carcinomas might be 
interpreted as carcinogenic responses in the directly exposed tissue only. 

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) 
recommends a time-weighted average Threshold Limit Value (TLV) of 0.05 mg/m3 
for all forms of cadmium dusts and salts and a ceiling limit of 0.05 mg/m3 for 
cadmium oxide fume. 

SUMMARY 

Cadmium has not been demonstrated to be a systemic carcinogen, but it has been 
shown to be a highly potent pulmonary carcinogen (see Takenaka et al. 1983) and 
renal effects are associated with ingestion. For inhalation, the unit risk 

-  3  3 - 1  value of 1.8x10 (ng/a ) (which corresponds to a cancer potency factor of 
6.1 (mg/kg/day)**) is an appropriate basis for risk assessment. This unit risk 
was derived from epidemiological data and does not incorporate any conservative 
assumptions (except that the dose-response relationship is linear), but it is 
subject to a wide range of uncertainty. For ingestion, the calculations upon 
which the MCL and ambient water quality criterion are based are equally 



applicable to ingestion via soil or other media. Based on the assessment of 
Friberg et al. (1974), daily ingestion of 20 cadmium (in addition to 
background exposure via food) would contribute between 6% and 8% of the 
estimated critical daily intake of cadmium. This intake of 20 pg/day from 
other than normal dietary sources was intended to provide an ample margin of 
safety, but Aughey et al.'s (1984) study suggests that it may not be as 
conservative as originally intended. 

SUMMARY OF CADMIUM CRITERIA 

EPA carcinogen classification (inhalation 
only) 

Oral chronic allowable intake (AIC) 

Inhalation carcinogenic potency (q^*) 

Maximum Contaminant Level (MCL) 

Proposed MCLG 

RfD (ingestion, based on ODW analysis) 

Group B1 

,-4 5.7x10 mg/kg/day 

6.1 (mg/kg/day) 

10 ̂ g/liter 

5 jig/liter 
-4 5x10 mg/kg/day 
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APPENDIX J (con't) 

LEAD 

INTRODUCTION 

Elemental lead is heavy, ductile, and bluish-white in color, with the atomic 
number 82 and an atomic weight of 207 g/mole. It is used widely in industry 
because of its softness, resistance to corrosion and radiation, and high 
density. Lead is also used as a paint pigment, in solders, and in storage 
batteries. 

TOXICOKINETICS 

Absorption of lead from the gastrointestinal tract is estimated at 10-15%. For 
adult humans, the deposition rate of particulate airborne lead is 30-50%, and 
essentially all of the lead deposited is. absorbed. Respiratory uptake by 
children appears to be greater on a body weight basis. More than 99% of blood 
lead in humans is associated with the erythrocytes, but it is the very small 
fraction of lead transported in plasma and extracellular fluid that provides 
lead to the various body organs. Lead is stored in the body in bone, kidney, 
and liver, where it may remain for long periods of time. Lead is primarily 
excreted by the kidneys into the urine, and lesser amounts are eliminated by 
biliary excretion (EPA 1984a). 

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS 

The following Information has been summarized from EPA (1984a). Lead has 
diverse biological effects in humans and animals. Its effects are seen at the 
subcellular level of structures and processes as well as at the overall level 
of general functioning of the body. Considerable data exist on the effects of 
lead exposure in humans, but the effects are generally related to blood lead 
levels rather than to estimated exposure. 

A major problem associated with lead exposure is the ublquitbus nature of the 
compound. Unlike most other contaminants for which exposure may be related to 
a specific route or situation, substantial background lead exposure occurs, 



primarily through food. This background exposure must be considered when 
additional significant exposure routes are identified. 

The major toxic effects caused by exposure to lead are alterations in the 
hematopoietic and nervous systems. Anemia caused by lead exposure has the 
following pathogenesis. Heme synthesis is inhibited by the effects of lead on 
a number of steps in the biosynthetic pathway. Specifically, lead stimulates 
delta-aminolevulinic acid synthetase (ALA-S) and therefore increases the 
production of delta-aminolevulinic acid dehydrase (ALA-D) and therefore 
decreases the production of porphyrobilinogen from ALA; and finally, lead 
inhibits the incorporation of iron into protoporphyrin to form heme. No 
threshold has been identified for this effect on heme production. Decreased 
heme production results in decreased hemoglobin production and anemia. 
Decreased heme production can also have deleterious effects on other 
heme-containing proteins, such as cytochrome P450, which detoxify certain 
chemicals in the body. Impaired heme synthesis has been reported in adults at 
levels of less than 30 Mg/dl lead in the blood (EPA 1984a). 

Two types of neurotoxic effects are associated with exposure to lead. Levels of 
lead in the blood (PbB) of over 80 ̂ g/dl in children and over 100 Mg/dl in 
sensitive adults can cause severe, irreversible brain damage, encephalopathy, 
and possibly death. Persons with these high levels may be asymptomatic or show 
only slight signs of intoxication, but rapid deterioration can occur. In 
children, permanent learning disabilities are seen at these levels, even if 
there are no overt signs of lead poisoning (EPA 1984a). 

Other adverse effects are associated with exposure to low levels of lead. Slow 
nerve conduction in peripheral nerves has been seen in adults at 30-40 jig/dl 
blood lead level (PbB); altered testicular function was observed in men with 
PbB levels as low as 40-50 ̂ g/dl; and renal dysfunction has been associated 
with PbB levels as low as 40 pg/dl (EPA 1984a). 

Conflicting evidence is available for the genotoxicity of lead and lead 
compounds. Lead salts have not been shown to be mutagenic in bacteria or 
fungi, but they have been reported to induce mutations in vascular plants. 
Certain compounds induce chromosome abnormalities in plants but not in cultured 



mammalian cells. Positive results have bee'obtained in a cell transformation 
assay. In vivo studies of lead salts produce conflicting results. Chromosomal 
aberrations have been induced in bone marrow of rats and mice and in cultured 
peripheral lymphocytes obtained from monkeys. Cytogenetic studies with people 
exposed to lead have produced positive results in approximately half the 
reports (IARC 1982). 

Decreased fertility and fetotoxic effects have been reported in laboratory 
rodents exposed to lead, but these effects may have been related to 
deficiencies of other trace metals in these studies. Lead exposure has been 
associated with spontaneous abortions, premature delivery, and early membrane 
rupture in humans; however, reliable exposure estimates are lacking in most 
cases (EPA 1984b). Skeletal malformations after lead injection have been 
reported in rats, mice and hamsters (Leonard et al. 1984). 

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS 

Oral ingestion of certain lead salts (lead acetate, lead phosphate, lead 
subacetate) have been associated with increased renal tumor frequency in rats 
(EPA 1985a), but no quantitative estimate of excess cancer risk has been 
performed by the Carcinogen Assessment Group of EPA. Applying the criteria 
described in EPA's Guidelines for Carcinogenic Risk Assessment (EPA 1986), 
these lead salts have been classified by EPA (1985b) in Group B2--Probable 
Human Carcinogen. This category applies to agents for which there is 
inadequate evidence from human studies and sufficient evidence from animal 
studies. However. EPA (1985b) also has noted that the available data provide 
an insufficient basis on which to regulate lead acetate, lead phosphate, and 
lead subacetate as human carcinogens. Dosages that induced kidney tumors in 
rats were very high (beyond the lethal dose in humans), and several extensive 
epidemiology studies have not shown an association between lead exposure and 
increased incidences of tumors in occupationally exposed workers (EPA 1985b). 

The interim maximum contaminant level (MCL) for drinking water and the ambient 
water quality criterion are both 50 Mg/liter (EPA 1980, CFR 1984). In deriving 
the ambient water quality criterion, EPA determined that consumption of water 



contaminated with 50 jig/liter would increase PbB levels to around 15 Mg/dl in 
children. If the population average was 15 Mg/dl, the Centers for Disease 
Control (CDC) calculated that 99% of all children would have a PbB level of 

\ 

less than 30 ng/dl. This was based on a CDC definition of "lead toxicity" in a 
child as a PbB level greater than or equal to 30 pg/dl and an erythrocyte 
protoporphyrin (EP) level greater than or equal to 50 Mg/dl. Based on this 
calculation, EPA determined that the present drinking water standard was 
acceptable as an upper limit. However, based primarily on the new information 
suggesting that neurological impairment may occur in children at PbB levels of 
less than 30 Mg/dl, CDC has revised its criteria for lead toxicity to PbB 
levels greater than or equal to 25 ng/dl and EP levels greater than or equal to 
35 Mg/dl (CDC 1985). 

A drinking water maximum contaminant level goal (MCLG) of 20 Mg/liter 
(.02 mg/liter) has been proposed by the EPA Office of Drinking Water (ODW). 
The proposed MCLG is based upon the health effects of lead in infants and 
pregnant women as a sensitive subpopulation (EPA 1985b). Blood levels above 
15 ng/dl were identified as the level of concern, and fetuses and infants under 
2 years of age are the sensitive subpopulation. In order to protect the fetus, 
it was considered advisable to limit the blood lead level in women of 
child-bearing age to between 15 and 20 ng/dl since studies indicate that the 
ratio of fetal/maternal blood lead values in close to 1:1 (Hubermont 
et al. 1978 as cited in EPA 1985a). An absorption constant of 0.16 was 
identified as the ratio of blood lead in infants to lead Intake in the diet 
(Ryu et al. 1983 as cited in EPA 1985b). An oral risk reference dose (RfD) of 

-4 6x10 mg/kg/day can be derived based on the ODW analysis (0.02 mg/liter x 
2 liter/day x 1/70 kg). 

The Clean Air Act National Ambient Air Quality Standard for lead is 1.5 fig/a^. 
This standard is currently being evaluated for revision (EPA 1985c). 

Acceptable intakes for chronic or subchronlc periods of exposure were not 
calculated for either inhalation or oral ingestion in the Health Effects 
Assessment Document (EPA 1984b) because the general population is already 
accruing unavoidable background exposures through food, water, and dust. Any 



significant increase above background exposure would represent a cause for 
concern. 

At present, human health criteria for lead in soil have not been established in 
the United States. The United Kingdom Directorate of the Environment has 
developed a tentative guideline of 550 ppm for lead in soil in residential 
areas (Smith 1981). Vernon Houk of the Centers for Disease Control has been 
quoted as indicating that levels of lead in soil of 300-400 ppm are acceptable 
based on studies of childhood lead poisoning (Mielke et al. 1984). 

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) 
recommends a time-weighted average Threshold Limit Value (TLV) of 0.15 mg/m3 
lead in air. 

SUMMARY OF LEAD CRITERIA 

Interim MCL 50 Mg/liter 
Proposed MCLG 20 ̂ g/liter 
Oral RfD (based on ODW analysis) 6xl0*4 mg/kg/day 

National Ambient Air Quality Standard 1.5 >ig/m3 
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APPENDIX K (con't) 

MERCURY 

INTRODUCTION 

Elemental mercury is a silvery, heavy liquid with atomic number 80 and an 
atomic weight of 200.6 g/mole. It is present in the environment in its 
elemental form, in univalent (mercurous) and divalent (mercuric) inorganic 
states, and in numerous organic forms. Mercury has many industrial uses 
because of its unique properties as the only heavy metal in the liquid state. 
Metallic mercury is used as a cathode in the electrolytic preparation of 
chlorine and caustic soda, in electrical appliances, dental amalgams, 
catalysts, and in pulp and paper manufacture (EPA 1987a). 

PHARMACOKINETICS 

Elemental and inorganic mercury are poorly absorbed from the gastrointestinal 
tract (less than 15%) and easily absorbed by inhalation (approximately 80%) in 

r 
humans. Organic mercury is almost completely absorbed from the gut and is 
assumed to be well absorbed via inhalation (EPA 1984). The extent of dermal 
absorption is not precisely known, but alkyl mercury is probably well absorbed. 
Organic mercury is metabolized to inorganic mercury in human tissues. 
Distribution of organic mercury is primarily to the kidney. Elimination is by 
biliary excretion and in the urine (EPA 1980). 

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS 

Mercury has long been recognized as one of the more toxic metals. The toxicity 
of mercury depends to some extent on its form. Irrespective of the chemical 
form, the major target organs for mercury toxicity are the central nervous 
system (CNS) and the kidney. Mercury has been shown to have adverse 
neurological effects in humans. Organic mercury compounds are generally more 
neurotoxic than inorganic mercury. In addition, the different forms of mercury 
can cause somewhat different neurotoxic effects initially, although both will 
elicit the same effects at higher doses (Hammond and Bellies 1980). 



Classical symptoms of elemental mercury vapor Intoxication are mental 
disturbances, objective tremors, and gingivitis, which have been observed 
following chronic occupational exposure to average air concentrations of 

3 0.1-0.2 mg/m mercury (EPA 1984). The CNS appears to be the primary target 
of organic mercury intoxication. Primary lesions include destruction of 
cortical cerebral neurons and damage to the Purkinje cells and granular layer 
of the cerebellum. Clinical symptoms suggest damage to peripheral nerves, but 
histopathological documentation is lacking. Clinical symptoms include 
paresthesia, loss of sensation in the extremities, ataxia, constriction of the 
visual field, and hearing impairment (WHO 1976). CNS lesions similar to those 
in humans, proteinuria and morphological kidney changes have been reported in 
animals exposed to mercury (Roller 1979, EPA 1987a). 

The kidney is the primary target organ for inorganic divalent mercury. Massive 
oral doses in humans lead to anuria followed by polyuria and finally to a 
recovery of normal renal function. Chronic low dose industrial exposure has 
been shown to result in proteinuria which, if severe, can lead to 
hypoproteinemia with edema. Methyl mercury does not appear to be nephrotoxic 
(Hammond and Beliles 1980). 

Me thylme rcury chloride fed in the diet at 15 ppm induced renal adenomas and 
adenocarcinomas in male mice after 53 weeks of exposure. No tumors were 
induced in female mice at this dose level or in males or females fed at a 
30 ppm dose level. However, the authors of this report noted that all animals 
receiving the high dose died due to neurotoxicity by week 26 (Mitsumori et al. 
1981). Mercuric chloride and methylmercury chloride administered to mice in 
the drinking water did not induce tumors over a lifetime, but the doses used in 
these tests were very low and did not approach maximally tolerated doses 
(Schroeder and Mitchener 1975). Phenylmercuric acetate administered to mice by 
gavage early in life followed by administration in the diet for the next 18 
months did not result in tumor formation (Innes et al. 1969). 

Both Inorganic and organic mercury compounds have been reported to be genotoxic 
in eukaryotic systems. In all test systems, organic mercury compounds appear 
to be more potent than inorganic compounds. The most notable effect is the 
production of C-mitosis which can result in aneuploidy and polyploidy. 



Observations on plants suggest that organic mercury may also act directly on 
genetic material producing chromosome fragmentation and somatic mutations. 
Evidence for the production of structural chromosomal anomalies in mammalian 
systems is not conclusive. Elevated levels of chromosomal abnormalities in 
lymphocytes of occupationally exposed people have been reported, but the 
authors have noted that the effects seen may have been due to other chemicals 
to which the workers were concomitantly exposed (Leonard et al. 1984). 

Several investigators have reported embryotoxic and teratogenic effects in 
experimental animals treated with organic mercury. The most common findings 
are neurological effects, but skeletal malformations including cleft palate and 
jaw and facial defects have been reported in mice, hamsters and dogs. 1 
Genitourinary malformations have been reported in rats (Leonard et al. 1984). 
Brain damage, but not anatomical defects, has been reported in humans exposed 
prenatally to organic mercury. These epidemiological studies may not have been 
sensitive enough to detect possible teratogenic effects of organic mercury in 
human populations (EPA 1984). 

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS 

Limited data are available regarding the carcinogenic potential of mercury in 
humans or animals. Applying the criteria for evaluation of the overall weight 
of evidence of carcinogenicity to humans proposed by the Carcinogen Assessment 
Group (EPA 1986a), the EPA (1984) has determined that mercury is most 
appropriately classified in Group D--Not Classified. 

The interim drinking water maximum contaminant level (MCL) for mercury is 
2 Mg/liter. A maximum contaminant level goal (MCLG) of 3 /ig/liter has been 
proposed (EPA 1985a). 

EPA (1986b) has previously derived an oral reference dose (RfD) for inorganic 
mercury of 0.002 mg/kg/day based on a study in which rats were exposed to 
mercury (as mercuric acetate) in the diet (Fitzhugh et al. 1950). A 
lowest-observed-adverse-effect level (LOAEL) of 2 mgAg/d*y identified 
based on the presence of morphological changes in the kidney (EPA 1986b). EPA 



(1987b) has since revised the oral RfD; the revised value is 1.4xl0*3 
mgAg/day. The basis for this change was not reported (EPA 1987b). 

A reference dose for methyl mercury of 0.0003 mg/kg/day was developed by EPA 
based on several studies reporting human poisonings. A blood level of 200 ng 
mercury/ml of blood, equivalent to 3 MgAg/day, was identified as the LOAEL 
from these studies. The earliest detected effects were CNS effects such as 
ataxia and paresthesia (EPA 1986b). 

EPA's Office of Drinking Water has developed a draft lifetime health advisory 
of 1.1 fig/liter. The advisory is based on a study by Druet et al. (1978) that 
reported proteinuria in rats exposed to 0.1 mgAg/day mercuric chloride by 
subcutaneous injection for 12 weeks. A no-observed-adverse-effect level 
(NOAEL) of 0.05 mg/kg/day was identified, from which a human allowable intake 
of 11 Mg/day was derived. Factoring in the assumed daily relative source 
contribution from water of 20% results in a safe drinking water concentration 
of 2.2 jig/day, or 1.1 /ig/liter for an adult consuming 2 liters of water per 
day. The health advisory assumes that most of the mercury in drinking water is 
in the inorganic form (EPA 1987a). 

The EPA Environmental Criteria and Assessment Office (EPA 1984) calculated oral 
and inhalation allowable intakes for organic and inorganic forms of mercury. 
For inorganic mercury, the oral allowable intakes are derived from the study by 
Fitzhugh et al. (1950) discussed previously. For both the oral subchronic 
allowable intake (AIS) and the oral chronic allowable intake (AIC), the animal 
LOAEL of 2 mgAg/day was extrapolated to 2 MgAg/day for humans by using a 
safety factor of 1000. The inhalation AIS of 0.51 MgAg/day was extrapolated 
from the threshold limit value (TLV) for mercury vapor. The inhalation AIC of 
0.051 MgAg/day was derived by applying an additional safety factor of 10 to 
the AIS (EPA 1984). 

For organic mercury, both the oral AIS and the oral AIC of 0.28 MgAg/day were 
based on data from an outbreak of mercury poisoning in Niigata, Japan. 
Niettinen (1973) estimated that an intake of 200 Mg/day of organic mercury 
corresponded to a blood level of 200 ng/ml blood, which was estimated to be a 



threshold level for the development of neurological symptoms (EPA 1984). The 
Inhalation AIS and AIC of 0.1 MgAg/day were derived from the TLV (EPA 1984). 

The EPA Office of Water Regulations and Standards has developed an Ambient 
Water Quality Criterion (AWQC) for the protection of human health from the 
toxic effects of mercury ingested through consumption of contaminated water and 
aquatic organisms of 144 ng/liter and a criterion of 146 ng/liter for the 
effects of mercury ingested through consumption of aquatic organisms alone (EPA 
1985b). EPA has also derived an adjusted criterion of 10 ̂ g/liter based on the 
effects of mercury ingested through drinking water alone (EPA 1986c). 

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) 
recommends a time-weighted average Threshold Limit Value (TLV) of 0.01 mg 
mercury based on the severity of the CNS effects from absorption of alkyl 
mercury compounds. 

SUMMARY OF INORGANIC MERCURY CRITERIA 

EPA carcinogen classification Group D 

Interim MCL 2 /ig/liter 

3 /ig/liter 
.3 1.4x10 mgAg/day 

1.1 jig/liter 

2 pgAg/day 

0.51 pgAg/day 

0.051 pgAg/day 

Proposed MCLG 

Oral RfD 

Lifetime HA (draft) 

AIS and AIC (oral) 

AIS (inhalation) 

AIC (inhalation) 

Ambieng Water Quality Criteria (AWQC) 
(10 estimated lifetime cancer risk) 

Ingestion of water and aquatic organisms 
Ingestion of aquatic organisms 
Ingestion of water 

144 ng/liter 
146 ng/liter 
10 pg/liter 



SUMMARY OF ORGANIC MERCURY CRITERIA 

EPA Carcinogen classification 

RfD, verified 

AIS and AIC (oral) 

AIS and AIC (inhalation) 
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APPENDIX K (con't) 

TRICHLOROETHYLENE (TRICHLOROETHENE) 

Trichloroethylene is a colorless, highly volatile liquid widely used as a metal 
degreaser. Since it is not consumed as a result of this use, trichloroethylene 
occurs widely in the environment. It is a common contaminant in air, soil, 
groundwater, and surface water (EPA 1985a). 

TOXICOKINETICS 

The toxicokinetics and metabolism of trichloroethylene have been studied in man 
as well as in laboratory animals. Absorption after oral ingestion is virtually 
complete. With inhalation exposure, absorption is proportional to 
concentration and duration of exposure. Trichloroethylene distributes widely 
into body tissues; metabolism occurs primarily in the liver. Elimination is by 
urinary excretion of liver metabolites and by pulmonary excretion of unchanged 
trichloroethylenes (EPA 1985a). 

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS 

CARCINOGENICITY 

Several studies investigating the carcinogenic potential of trichloroethylene 
have been conducted. Two of these studies, one with technical-grade 
trichloroethylene containing epichlorohydrin and the second with 
epichlorohydrin-free trichloroethylene, revealed significant increases in the 
incidence of liver tumors among both sexes of B6C3F1 mice exposed by gavage 
(NCI 1976, NTP 1983). A third study indicated an increased incidence of 
pulmonary adenocarcinomas in female ICR mice after inhalation exposure (Fukuda 
et al. 1983). 

Gavage exposure to epichlorohydrin-free trichloroethylene caused renal 
tubular-cell neoplasms in male F344/N rats and produced toxic nephrosis in both 
sexes. No evidence of carcinogenicity was observed in female F344/N rats. 
Trichloroethylene (without epichlorohydrin) was carcinogenic for B6C3F^ mice, 
causing an Increased incidence of hepatocellular carcinomas in both sexes and 
hepatocellular adenomas in female mice (NTP 1983). 



There is disagreement in the scientific community about the relevance of mouse 
liver tumors as indicators of human cancer risk. Several strains of laboratory 
mice, including the B6C3F1 hybrid, appear to develop a high and variable 
proportion of liver tumors in one or both sexes with or without exposure to 
carcinogenic chemicals. Certain scientists believe that the increased incidence 
of mouse liver tumors should be treated in the same manner as the increased 
incidence of tumors at other rodent organ sites, while others believe that 
mouse liver tumors are an experimental artifact which is not relevant to human 
hazard (EPA 1985b). 

MUTAGENICITY 

Mutagenic effects have been associated with commercial-grade trichloroethylene, 
suggesting that it may be a weakly active indirect mutagen (EPA 1985a). 

TERATOGENICITY/REPRODUCTIVE EFFECTS 

Teratogenic effects have not been observed in rats, mice, or rabbits exposed to 
high doses of trichloroethylene. 

ACUTE/CHRONIC EFFECTS 

Trichloroethylene is a central nervous system depressant from acute and chronic 
exposure. High level exposure can result in death due to respiratory and 
cardiac failure. Trichloroethylene was once used as a general anesthetic, but 
its use was discontinued due to longer-term CNS effects. The longer-term 
effects may have been due to impurities introduced by soda lime used to remove 
carbon dioxide (EPA 1980). 

The hepatotoxic potential of trichloroethylene has been evaluated in human and 
animal studies. Animal studies have revealed transient increased liver weights 
with relative liver weights decreasing post-exposure (Kjellstrand et al. 1983). 
Observations of liver or renal dysfunction in workers have been Infrequent, and 
factors other than trichloroethylene probably were more causally related to the 
hepatorenal disturbances noted (EPA 1985a). 



Industrial use of trichloroethylene is often associated with dermatological 
problems including reddening and skin burns on contact and dermatitis resulting 
from,vapors. These effects are usually the result of contact with concentrated 
solvent, however, and no effects have been reported after exposure to 
trichloroethylene in dilute, aqueous solutions (EPA 1985a). 

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS 

EPA (1987) has classified trichloroethylene as a Group B2 carcinogen. This 
classification is for those chemical agents for which there is sufficient 
evidence of carcinogenicity in animals and inadequate evidence of 
carcinogenicity in humans. 

Because of its classification as a carcinogen, neither a subchronic acceptable 
intake nor a chronic acceptable intake for trichloroethylene was calculated by 
EPA in its Health Effects Assessment (HEA) for this compound (EPA 1984a). EPA 

-2 1 (1987) has derived carcinogenic potencies (q.*) of 1.1x10 (mg/kg/<*ay) for 
~ 2 -1 oral exposure and 1.3x10* (mgAg/day)" for inhalation exposure. These 

estimates are based on the mouse liver tumor data in the NCI (1976) and NTP 
(1983) gavage studies. 

A drinking water maximum contaminant level (MCL) of 5 pg/liter and a Maximum ? 
Contaminant Level Goal of 0 /ig/liter have been promulgated for 
trichloroethylene by EPA (1987). \ -

The Office of Drinking Water (EPA 1984b) issued a draft lifetime health 
advisory for the noncarclnogenic effects of trichloroethylene. A relative 
source contribution factor was not Included. The advisory of 260 pg/liter was 
based on a study by Kimmerle and Eben (1973) that reported increased liver 
weights when rats were administered 55 ppm trichloroethylene for 14 weeks. The 
estimated excess cancer risk associated with lifetime exposure to drinking 
water containing 260 jig/liter of trichloroethylene is 8.2x10̂ . 

An oral risk reference dose (RfD) for trichloroethylene is under review by an 
EPA work group (EPA 1987). 



SUMMARY OF TRICHLOROETHYLENE CRITERIA 

EPA classification Group B2 

Oral carcinogenic potency (q^*) 

Inhalation carcinogenic potency (q^*) 

l.lxlO"2 (mg/kg/day) 

1.3x10"2 (mg/kg/day)"* 

MCL 5 /ig/liter 

MCLG 0 Mg/liter 

Lifetime HA 
(for noncarcinogenic effects only) 

260 pg/llter 

Oral RfD Under Review 
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BY P. A£jJ£T DATE. 

EBASCO SERVICES INCORPORATED 

SHEET. OF. 

CHKD. BY 
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CHKD. BY 

EBASCO SERVICES INCORPORATED 

• 0»T,_^l 
!Y DATE OFSNO.. 

SHEET OF. 
wnwu. OT u 
CLIENT LLS Ẑ-ffif 
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EBASCO SERVICES INCORPORATED 

P, AUJ£T„.t, j -V HV V f ' " «— ' DATE. 

CHKD. BY DATE. 
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SHEET. 
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APPENDIX L 

VINELAND CHEMICAL COMPANY 
MONITORING WELL BORING LOGS 



M O N I T O R I N G  W E L L S  f N  U N C O N S O L I D A T E D  F O R M A T I O N S  
BUREAU OF GROUND WATER MANAGEMENT . DATE:|-|,-o 

REVISION NO." STEEL CAP WITH PADLOCK-
TT-

LENGTH OP STEEL CASING 
SECURELY SET IN CONCRETE" 
PAD 

L—>=—PVC SCREW CAP 
• TT 

—,VruCA^l4-|NCH PVC CASING -^SCH.40 EOUIV. OR GREATER) 
\ \ \\ wvcx^wwl' 

> CASING SEAL- CEMENT GROUT, 
BENTONITE, OR NEAT CEMENT 
(&2 «ol./94 lb. boo) 

l-E FEET 

1-FOOT BENTONITE GRANULAR 
OR PELLET SEAL 

PVC COUPLING 

-INCH 0R4HNCH PVC WELL SCREEN 
NO. 20 SLOT SIZE IN MOST CASES)" 

6-INCH OR eHNCH BORE HOLE' 
'•'•SSv 

PVC CAP 

>FIELD OETERl 

GRAVEL PACK 

C'JESSE MORIE *1 OIS7-.OS9 *nt IN MOST CASES 0 

REQUIREMENTS: 

1. Notification to the Division is required two C2) weeks prior to drilling. 

2. Driller is required to obtain a State-Well Permit for each monitor well. 

3* hM«.dri1-leT/U?J ®aintain an '"urate written log of all materials penetrated in ea< 
, eeord all construction details for each well, and record static, water le"** 

*' t o  k e  "<• « « « » « j o i «  f  are acceptable (no glue joints). < 

5" dilJh.™" J® IT"1 Packe* [when necessary) and developed to yieia a 'aand-fre 3 
" least two (2) gallons per minute where possible. 

f~ /-U 6. A length of steel casing with a locking cap must be securely set in dement an £ >< 

7. Top of the PVC casing (excluding ca^) nsjst be surveyed to the nearest bundret c 
(0.01) by a licensed surveyor. 



128 Edwards Drive Gloucester. N. j . 0803C 609 -456-6318 'DATE- l-l l RC 
565 E.  Herd ing  H ighway Mays Land ing.  N .  j .  083,  60g .  625.170£)  ^  ̂  Q 

Testing ..- inspection ,- Asphalt ,- Chemical Analysis -.- Test Borinis -.- renditions ,- So,Is wtttfr ... Sleel 

Vineland Chcaieal Co., Inc. DAT; ~ ~~ : 
* DATc January 10, 1977 

1OJECT Plant Control — Koaitoring Veils LAB. v 2G24* 
iring No. J-Hv-X Sheet No. of 

Ground Water Date A - Method of Advancing Borina 
Grounr -jr!aee Elev. 

I »-X=, 

30-

35-

04-
CD S - 2" 0. D. Split Spoon Sample 
Q U - Undisturbed Simple. 3" Oiemetir 

Core Drilling 

Hater first encountered at 15.0 
Auger Boring Coepleted at 25.0 
Veil Point set at 25.0'. 
Pusplng Eate 30 gallons per Bin 
Jhrev l)owa 3.0*. 
Static Vater Level 12'2n. 

ate. 

< 
H s: 

o o 

nri'i. 
2. Harrison M l£> Co cn 



CRAIG TESTING LABORATORIES, INC. Date, Hi.M 

128 Edwards Drive Gloucester, N. J. 08030 609.456-6318 REVISION MA "r 
565 E. Harding Highway Mays Landing, N. J. 0S330 609 - 625-1700 ' 

T"'ing Inspection -:• • Asphalt -;- Chanical Anclyiis Test Boring: Foundations .;. Soils H'o/er S/f*/ 

-•« C Vineland Chemical Co., Inc. DATE January 10, 1977 
OJECT Plant Control - Monitoring Wells LAB. NO. 20246 
ring No. KW-2- Sheet No. 1 of 1 Ground Surface Elev. — 

Ground Water Data A - Method of Advancing Baring Depth 
Depth Hour Date Hrs. After 

Completion 
8" Drilled in Cesing CM o 

o
 Hrs. After 

Completion 
to 

.2.0' 1-9477 24 hours to 

Depth 

Sample 

No. Depth Soil Clasification Remarks 

10-

15-

20-

25-

0'-2* 

2'-5' 

5'-12' 

12'-15' 

15'-20' 

20'-25* 

Danp,Brown Fine Sand 

Da»p,Org-Brn Fine Sand 
2.0' 

5.0' 

Danp,Tan Fine Sand 

Hoist,Tan Fine to Medium Sand 

12.0' 

15.0' 

Wet,Tan Fine to Medium 
Sand 

Wet,Tan Fine to Coarse Sand 

20.0' 
J 

25.0* 

30-

35-

<0-

Water first encountered at 15. ( 
Auger Boring Completed at 25.0 
Well Point set at 25.0'• 
Pumping Bate 30 gallons per nix 
Draw Down 4.0*• 
Static Water Level 12.0*. 

ute. 

< M 
2 

o 
o 

us u> 
OD S - 2" 0. 0. Split Spoon Sample 
p U - Undisturbed Sample, 3" Diameter &. Harrison 



12S Edwards Drive 
565 E. Harding Highway 

Gloucester, N. J. 08030 
Mays Landing, N. J. 08330 

609.456-6318 D A T E :  M l -
609-625-1700 REVISION NO 

10-

20-

0 ' -3*  

3 ' -14 '  

14 ' -24 '  

Damp,Bra. Fine to Med Sand 

Damp,Tan Fine Sand 

Wet,Tan Fine to Coarse 
Sand 

3.0 '  

14.0' 

2 4 . 0 1  

25-

30-

35-

40-
03 S - 2" 0. D. Split Spoon Sample 
CU-Undisturbed Sample. 3" Diameter 

Water first encountered at 14. { 
Auger Boring Completed at 24.0' 
Well Point set at 24.0'. 
Pumping Rate 30 gallons per Blifcte. 
Draw Down 3.0'. 
Static Water Level 11*2". 

R. Harrison 

< H 
25 

o 
o 

vo 
u> -J 



(JKA1C* TiSSTiWU mL.. 
128 Edwards Drive Gloucester, N.J. 08030 609 . <56-0318 DATE: Ml- C -
565 E. Harding Highway Mays Landing, N. J. 08330 509 -625-1700 REVIS'?'1 II0. 

Tes:ing Inspection Asphalt »;. Chemical Analysis Test Borings -> Foundations ... 0̂jjs ... wBier Sicel 

Vinelaad Chemical Company, Inc. 
ROJECT plant Control - Monitoring Wells 
oring No. Sheet.No. of i 

DATE January 10, 1977 
LAB. NO. 28246 
Ground Surface Elev. 

Groun d Water Data 

£. 

A - Method of Advancing Boring Depth 
Depth Hour Date Hrs. Alter 

Completion 

£. 

R" Drf11r»d -fn C.pjiAn£ n» 1o o/c« 
Depth Hour Date Hrs. Alter 

Completion 

£. 
to 

1?'V 1-R. .?• "n~7t, nf.,hnl £. to 
Depth No. Depth Soil Classification Remarks 

10-

20-

25-

O'-S' 

8'-13' 

i3'-i6' 

le'^o1 

2o,-26l 

Damp,Brown Fine to Medium 
Sand 

8.0' 

Damp,Tan Fine to Medium 
Sand 

Moist,Tan F/M Send 

Wet,Tan F/M Sand 

13.0' 

16.0' 

20.0* 

Wet,Tan Fine to Coarse Sand 
some Medium to Fine Gravel 26.0' 

30-

35-

40-

CDS-2"  0 .  D .  Sp l i t  Spoon  Sample  
C U - Undisturbed Sample. 3" Diameter 

V?ater first encountered at 16.( 
Anger Boring Completed at 26.0 
Well Point set at 26.0'. 
Pumping Rate 12 gallons per mi4ute. 
Draw Down 12.0*. 
Static Water Level 12*3". 

< H 
Z 

o 
o 

vo u> 
00 

R. Harrison 



^'•R- 138 
•• ••'"s 5 l . i.J STATE OF NEW JERSEY 

- t -1 DEPARTMENT OF ENVIRONMENTAL PROTECTION ZJ L'-JL/ DIVISION OF WATER RESOURCES 

WELL RECORD 

DATE: 1-II-&4-
R E yj s i ° • ? r~ • PERMIT NO^ r _>• - L f 

APPLICATION NO. 

COUNTV-'TVC • w 

OWNER Vlr.elcng Clerical 
Owner's Well No. 

LOCATION 

ADDRESS 1611 'freet .~c., Vlnslana, ::.j. 

SURFACE ELEVATION Feet <AO°w mu/1 Ml /. rf/; 

DATE COMPLETED / -/l2-/ei 
DIAMETER: Top7_3VZLipeh£ 
CASING: Type TVr 

SCREEN: Type" ^ Size of Opening _Q20 Diameter 

driller V?rr e svim^ c^.r Trr< 

Bottom7 •'/it inches 

Diar* »ter 
TOTAL DEPTH 

L" + 2 Ebv. E.l." 
.Feet 

B . w f T°P T? Range in Depth / 
/ Bottom ~ ? 

. Inches 

. Inches 
Length, \ g. 

Feet 
Feet 

Length _2£L 

Geologic Formation cat-san^i/ 

Tailpiece: Diameter. 
— '"Che's Length. 

WELL FLOWS NATURALLY , n/a Ga„ons ̂  minute „ __ 

W8Ierrisejt0 — - Feetabovesurf.ee 

-Feet 

Feetabovesurf.ee ' 

RECORD OF TEST: Date Yield. 
Static water level before pumping __ 

Pumping level 1- feet below surface after __ 

Drawdown __ Feet Specific Capacity. 

Gallons per minute 

How pumped 

- Feet below surface 

• hours pumping 
Gals, per min. per ft. of drawdown 

Observed effect on nearby wells 
How measured 

PERMANENT PUMPING EQUIPMENT: 
T v ° *  - T/A 

Mfrs. Name 
Capacity 
Depth of Pump in well 

H.P. G.P.M. HOW Driven " 

Feet Depth of Footpiece in well 
D.pth ol Air Lin. in w.,1 F,„ Typt o( M,,„ „„ Pump 

R.P.M. 

Size. 
USED FOR 

QUALITY OF WATER 
1 Taste 

ftaeir^Aan v.-en r.nl y 

ZA 

f Average 

- Feet 
—Inches 

Gallons Daily 
Gallons Daily 

Feet 

Feet 

o o 

i-* «J0 OJ VO 



. DATE: |-ii-£4 
WELL tt5 REVISION NO. : 

ft! to iVft. v;ifcr=, or?n:r* '..and, 
ft, to 1=ft. ''6d* "RH N •M1~VF>RC' j1?"*1 IN C0^:>r. 
ft. to 20 ft. I'sd! rr,jJ Gni'nr"?? ifh!nClni t0 *€llow sand ct 1~ 't V ft. to 25 ft. " n bnii°r= li-£ht brown sand. " " **•>. ll 1° 11: 4"ht =*«• cram uniform sand. . 

< H 
Z 

O 
o I—1 

vo 
o 



I 

f 

vr.\n 1 i-i'-c 
_ . ....... STATE OF NEW JERSEY R F V" ̂ ' C ̂  1 0 

•' '•.T'nr"iDEPARTMENTOf: environmental protection permitno DIVISION OF WATER RESOURCES PERMIT NO. J / 
APPLICATION NO. * V ^ • - • • «» _ W -» »•* « FCJ A FC 

WELL RECORD county r''—v«~i .... J 

vfvER V'nc- land Chemical i f . .  . .  .  . . .  z =̂- ADDRESS 1611 -fr-eat :-.c», vtnelanfl, ??, j. 
Owner's Well N'o 

— SURFACE ELEVATION , 
LOCATION (Abort metn sti hrtl) 

DATE COMPLETED DRILIE-V.AA. n, m.., , 

DIAMETER. TopJ£_5/£mches Bottom inches TOTAL DEPTH T1 

CASING: Type --r» DlimM,r iH , . + 2 ft. efcv. H, L. 
." Diameter _A Inches Length_U Feet 

SCREEN: Type _E1£ Size of Opening ̂ 0 Di.meter inches Length __£Q_Feet 

D ^ ̂  f Top U peet 
engem ep j- ^^ Geologic Formation 1 ' 

Tail Piece: Diameter . |nche, Length ___Feet 

WELL FLOWS NATURALLY j/£_ Gollon, p., minu,. „ _ F.„ lbo>, ̂  
Wjlerrije$t0 - Feet above surface 

RECORD OF TEST: Date •• /A • v. ,. 
' Yield - Gallons per minute 

static water level before pumping Feet below surface ' 

Pumping level ; i'feet below surface efter^ . hours pumping 

d0Wn " Feet Specific Capacity Gals, per min. per ft. of drawdown 
How pumped „ 

' How measured 
Observed effect, on neerbv well. 

PERMANENT PUMPING EQUIPMENT: ._ • ' 

Type ^ .' Mfrs. Name — 

Cip.eity CAM. HwDrl>„._ HJ> B p M 
D.pth .1 Pump In well pm D«pm p, Footpi.= TO ortt F,„ 

Dtpth of Air Lin. in well F« Typt of Mm, on Pump 

USED FOR Observation veil ortlv • (*•«?• Gallons Daily 

•  ̂Maximum Gallons Daily 
QUALITY OF WATER -/. 

" "•/•'- ' Sample: Y«t No___  ̂
T"te — Odor C-,.. M — uolor • Tamp. °F. 3 

LOG _ — b r »  r V  
,1 tlnric /o, *«, p/.m ,V,n,b,e? ° 

•SOURCE OF DATA Vrmr.t r->. Tnc.' vre-p rcrf>W»e ' M 

QATA 03TAINED BY ''nnee T*»p» T ^ / /«. 1-1 

—— " r^> i Thr.—tT» -'fn*on d... r/ir/"i vo 
" ' —• £* 



MI-64 
Vi^LL #6 ptvisign tv 

R\ S t. to " ft. 
•*. 2 't. to 10 ft. 
10 ft..to 1-} ft. 
i- ft. to 20 ft. 
20 ft. to 20ft. 
r • CO ft. to 30 ft. 
30 ft. to 33 ft. 

red. -rein uniforrr. li:*ht sand. 
« cd.  * rein inifom li.~ht send — crenrlnt* to v;ht. at * "r* 
red. rrain unlfors lirht brov/n cr .nd.  
i'ed. rrain - uniform lighter in color. 
Yc-llov; rcea. (sore pine ) Vroin sand. it • M 
•i it 

< M 
as 

o o 

(O 



m Dwa. 128 ^ 1 C : I - 11 - C 
60 . -.-Tir- -'"ATE OF NEW JERSEY ^ v : -! C j 

••'.V. • D£?ART̂ :; ÊNVIRONMENTAL PROTECTION PERMIT NO 3£-£ 93A 
, D.iv ' N OF WATER RESOURCES 1 ̂  

.-> rrw\7 *7 UJR-LL. ;.a application no. 

> t/ELL RECORD * COUNTY- — , • 

'• OWNER. VlDBlsnd ChEr.lccl address v.̂ t -a.. vir,f1M V T 

w,n No— surface elevation r 
I. LOCATION • Vabo*» mttn «e« seTj eel 

i. DATE COMPLETED r/l R/R, _ _ DRtLLER V,... — -T~ T_, , , „ 
I. DIAMETER: Top J2_5/ii„ches Bo-:om7 j/l, inch., TOTAL DEPTH ,, F<(t 

5. CASINO: Type Dl,m„„ _a lp^ ? ?,!-• .... 
SCREEN: Type" IXC SIP. ofOp.pin.X12Q Di.rn.Mp_t; L.p„K On .••• 

. - f Top 3J Feet 

" ( Bonon, _XJ p.., Ge°'0"C ' ' 

TailPiece: Diameter. inches Lenoth Feet 

7. WELL FLOWS NATURALLY _n/2_ Gallons per minute at , __ Feet above surface 

Water rises to . . Feet above surface 

8. RECORD OF TEST: Dare n /p ' 
~ Tieid _______— Gallons per minute 

^ Static water level before pumping ^_1_ __ Feet below surface 

Pumping level : 1- feet be|ow surface after . heim pufnpinfl 

D awdown . Feet Specific Capacity Gals, per min. per ft. of drawdown 

H0W Pumped How measured 
Observed effect on nearby wells 

9. PERMANENT PUMPING EQUIPMENT: 

Type a/e / Mfrs. Name _____ 
Capacity _ GtP.M> How Driven ' H.p. . ' R p M 

Depth of Pump in well Feet Depth of Footpieee in well peet 

D.P* .1 Al, Lin, Fm Typt „( M,„r „„ Pumt, Si„ 

10. USED FOR ChrcnrnM n wrU inly AMOUNT J Avera;°e Gallons Daily 
\ Maximum Gallons Daily 

11. QUALITY OF WATER . s.mp,.: < 

T"'e — : C0,n,__ T.mp of. 2 
12. LOG — o 

""" " •» «<>""» '""vie io, w maĉ w fu£,™£?j" mi',b,e? — 2 

^OURCE OF DATA "ir.re- •VInnar rn. . -rvn| •••ell r€fir-in ' 

.14. DATA OBTAINED BY "r>-\rr r<-> r _ _ ... . SP 
1 'NR« <L £N®2N DATE C/1-/^1 £ 



TOLL #7 
DATE: 1-11-6^ 
REVISIT! t"_ 

- it" ir/^ Hark trn# =e<3' rrain S2nd tuminrr orange at * ft 
; ' 5 « -  t o  1 5 ' k .  S g T 4 & i n ^ ' , ^ n s i n  e s l o r " •  « •  

23 ft' o? ._c-a. jrain unifora licit color sane. 
25 A', to 30 n! " t0 =,a- IF®1? OTOitnM. non-uniforo 
20 ft. to 33 ft. " •• 11 „ 1 40 ' fine) 

\ 

m 
< M 
a 
o o 

vo 
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> Owp. :3s . ^ATE: 1 -11-6-3 
3 • . STATE OF NEW JERSEY REVISION • 0 

( T.-R~L DEPARTMENT OF ENVIRONMENTAL PROTECTION PERMIT NO 35--DC3, Q 
. L J DIVISION OF WATER RESOURCES PERM7NO. _J j nV Y .7 7 

' • " - * « lOfUL-
— ' I'i -l x / APPLICATION NO. !  ' : " "  ~ - = - i  .  

WELL RECORD countyCur->-«twi 

OWNER Vlnelana Chezlcal IF:'11 rV,a* ... ' • • ; ; • ADDRESS ./heau Mnelang, ".J. 
Owner'* Well No _ ' • 

SURFACE ELEVATION ' f 
LOCATION ' Z255« mttn tu level) ee* 

DATE COMPLETED =ZlV|1 ^ DRILLER v.... ,v, p. 
MM — /, P 111 I I ,'CTie Psn 

DIAMETER: fUA*. Bott*7 V*_ inch,, TQTAI OFPTu 89 ft. 6 lh-
CASING: Typei^ D,.m„er ' '^£2^ 

SCREEN: Type TV£ Sia of 0penin»02ft Diemeter J±1 lndl„ Un(th2a Fm 

B • rr w f T°P P"t ' " 
anse in ep ^ g o t  f „ .  ^  G e o l o g i c  F o r m a t i o n  .  C g W v s ^  • 

Tailpiece: Diameter |nchei Lenfftf) ^ 

WELL FLOWS NATURALLY _JZs, G.llon, pe, minute „ F.„ lto„ • 
W"crfi,es t0— : — Feet above surface 

• RECORDOFTEST: Pat, n/a ' ' 
r. Y,eld Gallons per minute 

jtatic water level before DumDino _ . . . 
— Feet below surface 

. PumpinB level . V feet beIow Jurf,ce after ' ^ 

d°Wn^ —Feet Specific Capacity, Gals, per min. per ft. of drawdown 
How pumped .. 

————— How measured 

C'bst^ed e.Sect on nearby welis 

. PERMANENT PUMPING EQUIPMENT: 

Type : . Mfn. Name 

Capacity , ^ G.P.M. How Driven * un 
R.P.M. 

Depth of PumD in well c . . _ ' 
Feet Depth of Footpiece in well 

Depth of Air Line in well Fee, Type M„e,, Pump ^ Sii, ^ 

' USED F0R CfcrsrrHpTj veil nrO v AMOUNT j 6,Ilo,u D,il* 

• , I Maximum Gallons Daily . QUALITY OF WATER n/a y 
~ Sample: Yes No $ 

Tertt °d0r Color Temp. __ oF 2 

-JPG— IwCn back 0 

rn " "" """" " » """ wC;'," s 
SOURCE of DATA Vance .Skinner Co. t Inc.' V/e 11 records 

V DATA OBTAINED BY VP^n -Innrr V. T„„ , tef—- f/m./nt 2 
' ' U1 



WELL £8 
DATE: 1-11-54 
REV'S iC'1 t:c. • 3 

-t. 3RN--t "(J • sr-: ornr.-s -??. ~rrl: -od, 
t?.1? r!:* Li*; lit in color ced. try. ;.n sane. 

8: to Is n: *l52st <"ellow ^ * VS: 

rV i! ?r 2" * i;:c<2« t0 coarse prain sand. 11. 10 ~0 ft. " " '« ii 
ft. to 31 ft. 6 in. " it -

Lost circulation at 30 ft. ver? coarse sa^erial 1/4" to peerravel in sarnie 

< H 
3 

<44/ • o 



Water 'Allocation 
CN-029 
Trenton, N. J. 0862S 

ERMIT TO DRILL WELL 

DEPARTMENT or ENVIRON ME NT aj. PROTECTION 
DIVISION OP WATER RESOURCES TRENTON. N. J. -

; Hermit Mo 

VALID ONLY AFTER APPROVAL BY THE D.E.P.' •--' 
RtYlSKW; 

'dress Address *.0._te £ 
Tin*! bM̂  jl • _._ OgggQ 

- - -
• . • . y -ijr • ẑ sg-. 
"' ".'•Vic • "S6 

lite Atlas Map No_-Jj>__0 

j Draw sketch showing distance and relations ol wefl site to 
^ nearest public tcaos, streets, septic systems, etc. 

.27 
* \ 

•k* 
C-- i*:-

iL-w-.r ful 
(~'A — 

I 3/ . ̂  

Nortĥ .,.,,. 
N 
i 

' '*'. '.' "j T: V •.'•.AKt'Tr*- N. "-••• » • • --'.TOv*. 
A'lW'f/! .• —>v 

C\! . : : 
'.west - ' . •/' 

East 

South 

™EA"lnvA^E^r,JMP0RTANT PR0V,SI0NS AND Regulations penaining to this 
w?,^-^i Anrv,- «Dermi15 rnaoc SUBJECT to acceptance ot and compliance 
witn :r.e loliowmg ADDITIONAL CONDITIONS v 

Q Permit issued m accordance with provisions ol 'cue: ot transmittal 
oatefl 

 ̂LlneCeŜ  Geophysical Logs ot this well be/node by the Division ot Water 
!eQU',e me 0«,t€r ,0 ̂ olî  ,he Dw®ion ** RnGNE 

wn, 2232) when drilling is completed. Permanent pumping equipment SHALL" 
NO. oe installed until such logs are made 1 

U Samotes ol cuttings required everv 
•O -

t 

TTW IO*CC to> Affve**! Sirry 

vvr.il .'LH .ViT 
a p p r o v e d  

• JCN 21 ,Jk* 

oBPT. env. f noncrcN; 
«£S0U*Ct2 

|j5SI 

" -, • 

R> 
"£L 

In compliance wnn R. S. 58:<A.t4. epplication ts maoe for a permit to drill a well as described sbq*. 
» ' A. . 

A £ § -
i~1 

&• is 
-J ^ 



Y I k U ka ivita V  rv ̂  
Vance Skinner Company, Inc. 

P.O. Box 2,931 W. Sherman Avenue, Vineland, New Jersey 0S360 
692-S439 

0 

FK$ 11rA11 an nrnnarKf * Location of well onDroperty .. 
Well Dia. ^GZLS.Q^.UWJLQJI. 
Quantity of water desired _..7 
Date well started 

Surface Election 
„ County _ 

Date well completed — 
First water line 
Water line in well _ 
Screen—Length & Material Permit No. 35- 3D SO 
Type of Seal—Top & Bottom . Electric Log 
Pump used with well _ Water Analysis 

.Municipality 
-Block ljf.3 
±ot 
...Index 

CATE: l - i i -
REVISION ti'o :&U 

"h'ru, hzfrrvd.. 
yllpJd: ct>/<n 

120 180 

-j'.y 

x\ 

_ • H 
n-crnjî -̂ ynxJt .QOacn̂  

— > LbJutL̂ â j-̂ jrrnr -
—  I  C I < ^ c u  i l &  -r-

I ~i~trr\JU. tjJmxl . 
'J):iJ.r^,CniK'TpjJL;— 

80 
W 11 

t\ II 

3^ " \ ^r~ 
II kjm&l .an ami 
— nHam̂ sJxrrcf' 
—-JUjrufLJha UJLI£I_CCI— 
— ( r + m C  Q.*uVv*S> 
ẑ/&sg£\̂  ̂

40>Wte rmcA. Tno" 
— ŷ Arrv, cnar̂ ., 
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CN-029 
Trenton, N. J. 08625 

PERMIT TO DRILL WELL 

D;V;S'ON' OC WATE3 RESOURCES 
. . TRENTON. N. J. . 

• . _ Permit No 

VALID ONLY AFTER APPROVAL BY THE D.E.P." DATE: T-H-84* 
REVISION NO. • o 

>̂ _̂ 5S3j!Hi.SSJ5l 

JJ!!J3»*-5®5S. ..... iai„ss _?.p.._Barf t J 

_08j6p_ _vî l an <3 L _ 5. J._ _ _08 560 ; 

diameter of well 

A inches 

LOCATION OF WELL 

proposed depth of well 

AO feet 
method of drilling Rotary use of well 

proposed capacity of pump 

M/A G.P.M. 
Observation veil'* }() 

^ f*rhHpu&lie, dom«nc. indunriil. eut>le-*uoo»y. iej!."etc") )— 

lot * block #• 
173 

municipality 
Yinelend 

State Atlas Map N0 

county . ̂  1 Draw sketch showing distance and relalions of well site to 
maserlang nearest public roads, streets, septic systems, etc. 

North ~ 

A-r-rAenrQ — . 

p!t 
' U' 

3</. 30 

South 

?r ,MP0RTANT PROVISIONS AND REGULATIONS pertaining to this ' 
.. T0 

I 
Q Permit issued in accordance with provisions of letter of transmittal 

dated 

- ̂  Re1o?frê S Th.,h!L£!°PK̂ Car 1098 of ,his we" P«»̂ e by the Division of Water 
~ (̂ 2̂̂ 23̂  wĥ rtr-tf -,equire ,he driller ,0 no,rfy ,he Division by PHONE * 
_ NOT be installed until tjch k>J?s ST55d?.' SHALL 
Q Samples of cuttings required every 

This toice lor Approval Si»me 
WELL a>ERM! T 

A P P P 0 V E D 
JUN 21 lStt 

In compliance with R. S 58 4A.U. application is made for a permit to drill a well as described abgve.^ / , ) 
AA-, v s'S/fr/f .. ..,/// / 

I above , x? / 
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ame 
Address 
Location of well on property 
Well Dia. 
Quantity of water desired 

WELL, RECORD 
Vance Skinner Company, Inc. 

P.O. Box 2, 931 W. Sherman Avenue, Vineland, New Jersey 08360 
. 692-5439 

LLL 

Date well started 
ted Date well completed 

First water line 
Water line in well 
Screen—Length & Material &O..EL. 
Type of Seal—Top & Bottom 
Pump used with well.. 

60 

— — 
— AkJTcW/v lia-Kx — 
— SOrrA . x — 

Ĉ\ anv ) ~ 

..Surface Elevation 
JDounty 
..Municipality 
..Block L?Ji 
_Lot 7. 
Index 

>„ Permit No. ~.J35 
Electric Log _ 

—Water Analysis 

120 

frftoru ULT 

70 130 

— > W ii 

J -Lirrv\W2jro_> md-: 

2Q 80 

1 0 rirtiTQi- .5! ZI 
— //ITiXil - <«V\ OA.ro 
-• JCrrtL.TŶ  Sard. — 

H |4vn4̂ W. rfTtacl. ZI 
lOinv /MOfOOfij— 

140 

*• /U 

DATE: \-tt:.E4 
REVISION NO. : 0. 

30 90 150 

Z SET loe.lt.- 3d ft-. C.L. -
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180 

190 

200 

210 
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o o 

40 100 160 220 <J1 O 



Water Allocation 
CN-029 

Irenton, N. J. 06625- ' ", 

" r\f *'P VIRONMENT*1 PROTECTION 
DIVISION OP WATER RESOURCES 

TRENTON. N.J. 
Permit No._ 

ERMITTO DRILL WELL VALID ONLY AFTER APPROVAL BY THE D.E.P. • *'64 
' REVrsiO'fl i;o.c 

Driiier"— JaBc® _§ Wimjor _ Co. *__In d* 

Address 

'ner, C2s_<̂  i c al 

dress -!f-J__![^5L_ROad 

J- 08360 ' 

diameter of well 

A 

"T" 
* 

inches 

LOCATION OF WELL^ . 

proposed depth of well 

^ feet 
method of drilling ~ | use of well rotary 

proposed capacity of pump 

K/A G.P.M. 

lot # 
1 

block # 

173 
municipality 

VI peland 

ate Atlas Map No 

2T 3Zi 

Ci^Wl J* Draw Ske,Ch Sh0w,nfl ^'Stance and relations of well site to 
|CLBDerlaq& nearest public roads, streets, septic systems, etc. 

North 

V 

... PirTrZr SW Ar 'ACH *-TO M/tr> - 7 

West 

ŝ o,vfi 

South 

permit̂ PROvŜ iwsSrmJ'i's1 mSd̂ SUBĴ ^̂  ̂ 10 ,his 
Wrth the following ADDITIONAL CONDITIONS: acceptance of and compliance 

^ Z7ne< accor<Jance wi,h Provisions of letter of transmittal 

Resourceŝ Thê own̂ sĥ l̂ eq̂ e wlê dr-iT"!1* by ,he Division of w*,er 
(609-292-2232) when drilling js Mm£le?ed Pe?mlLnf? '*• DiViSi0n * PH0NE 
NOT be installed until such logs ® ' pump,nB ec'uiPmenl SHALL 
Samples of cuttings required every • 
• .feet. 

This spies for Aoprovsl Sltmp 

A p PT> 0 V E 0 

J I'M 21 1982 

compliance with .A S. StMrU. ,ppnew * ,0 ^ M MKthy^j. 
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h-1 
V£> UT 



Vance Skinner Company, Inc.  
P .O. Box 2, 931 W. Sherman Avenue, Vineland. New Jersey 08360 

• • 692-5439 

Name 
.dress — 

Location of well on property T__ 
Well Dia. 
Quantity of water desired ! 
Date well started fa]J?.J..* 
Date well completed _..6., 
First water line _../-2...£c 
Water line in well 
Screen—Length & Material c2Q 

Type of Seal—Top & Bottom 
Pump used with well 

60 
Z > ImeJo rnvJL. ~ 

Z 

¥~ 

Municipality ~.4 
.-.Block Z?3 
—Lot 
...index 
...Permit No. -JSL.l3o!2eL 
...Electric Log 

L'AT£: |-i|-£j< 
RE VIS'Oh'  r . 'C 'V '  

..Water Analysis 

120 180 

I t  

70 
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— nicrJ^orar-
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130 

140 

190 

200 

— V tl \ \  — 

30 fx 90 150 

;rrix*LE»FkC.L. Z 
210 

3 

40 100 160 

o o 
220 

Vo Cn NJ 




